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CHAPTER I 
THE RENIN-ANGIOTENSIN SYSTEM AND THE JUXTAGLOMERULAR APPARATUS IN 
VERTEBRATES. AN INTRODUCTORY SURVEY. 
9 

I. THE RENIN-ANGIOTENSIN SYSTEM AND THE JUXTAGLOMERULAR APPARATUS IN 
VERTEBRATES. AN INTRODUCTORY SURVEY 
1.1. INTRODUCTION 
The great nineteenth-century French physiologist Claude Bernard was the first 
to point out that the true medium in which we live is neither air nor water, 
but the plasma or liquid part of the blood that bathes all tissues and cells. 
He wrote: "Il est vrai de dire que les conditions physiques du milieu sont 
constantes pour l'animal supérieur; il est enveloppé dans un milieu 
invariable qui lui fait comme une atmosphère propre dans le milieu cosmique 
toujours changeant. C'est un organisme qui s'est mis lui-même en serre 
chaude" (13). 
Indeed the extracellular fluid and, in osmotic equilibrium with it, the 
intracellular fluid, provide the framework in which life exists. In order to 
maintain these solutions suitable for life their electrolyte content and 
osmotic concentration must be kept constant in a process called osmo-
regulation. Since different "higher animal" species i.e., vertebrates 
ha-bitually occupy very distinct ecological envirorments, it is not 
surprising to find that the processes involved in controlling the water and 
solute content can differ considerably between species. Such differences may 
sometimes find expression in a certain tolerance to osmotic changes, but will 
mainly be seen as differences in the functions of the tissues and organs 
involved in the homeostasis of the body fluid (12). Recognizing that animal 
life is a product of history, a study of the evolution of the tissues and 
organs concerned with osmoregulation may be of importance for understanding 
the complexity of these systems in the most highly developed vertebrates, the 
mammals. 
1.2. THE RENIN-ANGIOTENSIN SYSTEM IN MAMMALIAN VERTEBRATES 
In the regulation of the intracellular and extracellular fluid volume 
balance, the blood pressure and the regional blood flow, the so-called 
renin-angiotensin system (RAS) is highly involved. The several factors 
participating in the RAS of mammals will be briefly discussed below. For full 
details the reader is referred to the reviews of Skeggs et al. (133) and 
Haber and Carlson (70). 
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1 . 2 . 1 . RENIN 
Renin, which i s the priimry r a t e - l i m i t ing substance of the RAS, was f i r s t 
discovered by T ige r s t ed t and Bergman (157). I t i s a g lycopro te in , belonging 
to the c l a s s of a spa r ty l p ro t ea ses , and i s probably synthesized in many 
organs . The plasma ren in i s generated in the kidney. Renin i s a d i f f i c u l t 
component to pur i fy because i t i s present in very small q u a n t i t i e s in the 
kidneys; i t l acks s t a b i l i t y and i t e x i s t s in more than one form (82, 133, 
136) . The molecular mass i s about 40,000 da l tons for the predominant 
components (41 , 51 , 104). Re la t ive ly inac t ive forms of ren in have been found 
in man a s wel l as i n o t h e r spec ie s . Ac t iva t ion can be achieved by 
a c i d i f i c a t i o n o r incubat ion with various p r o t e o l y t i c enzymes (133). Contrary 
to o ther a s p a r t y l p ro t ea se s , renin has a pH optimum of 5.5 to 6.5 ins tead of 
2.0 to 3 .0 , which i s necessary for i t to be funct ional i n the bloodplasma 
(123). Renin in the plasma cleaves a decapeptide of the aminoterminus of an 
o¿2 _ n i a c r og]- 0bulin s u b s t r a t e c a l l e d renin s u b s t r a t e or angiotensinogen (Fig. 1) 
(53 , 96, 137) . 
Renin substrate(angiotensinogen) 1 
A s p - Aro— Val— Tyr- I leu-His — Pro -Phe -H i s — L e u - L e u - V a l - Т у r - S e r - R 
t f t 
Renin 
Angiotensin I 
Angiotensin 11 
Peptidase 
L Angiotensin III 
J 
Converting Enzyme 
Fig. 1. Sequence of events in the generation of the angiotensins I, II and 
III from angiotensinogen (renin substrate). The arrows indicate the cleaving 
points for the enzymes. 
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1.2.2. RENIN SUBSTRATE OR ANGIOIENSINOGEN 
The liver is the site of synthesis of the circulating renin substrate as was 
demonstrated in studies using isolated liver preparations and liver slices 
(60, 105). The concentration of angiotensinogen in plasma is decreased by 
adrenalectomy and increased by nephrectomy. Glucocorticoids and estrogen 
increase the rate of synthesis and plasma concentrations. Purification of pig 
angiotensinogen yielded multiple forms, but this heterogeneity was due to 
differences in hexosamine and sialic acid content. All fractions had the same 
molecular mass (58,000 daltons) and reacted identically with renin (135). 
Human renin substrate is a glycoprotein with 147o carbohydrate. This also 
exists in multiple forms which are not artificially produced during the 
isolation procedures (155). Human renin cleaves angiotensinogen of most 
species studied, but nonprimate renins do not release angiotensin I from 
human substrate (70). 
1.2.3. ANGIOTENSINS 
The decapeptide angiotensin I (ANG I) is derived from renin substrate by 
action of renin. To this prohormone no unique function can at present be 
ascribed, although a differential effect on renal cortical blood flow 
relative to medullary blood flow has been reported (24, 83). The results 
reported were obtained with much higher concentrations than those of 
physiologically effective concentration of angiotensin II (AMG II). The 
prohormone seems to be largely and rapidly converted to the octapeptide ANG 
II by angiotensin converting enzyme (96). 
ANC II is an extremely potent constrictor substance (134), particularly of 
articular smooth muscle. Although different effects are seen on different 
vascular beds, ANG II reduces blood flow in various organs including renal, 
mesenteric, cutaneous, coronary and cerebral vessels. In a powerful feedback 
mechanism ANG II inhibits release of renin from the granulated juxta-
glomerular cells of the kidney, presumably by direct depolarization of the 
plasma membrane of these cells (46, 57). 
Another important function, in addition to its action on smooth muscle cells, 
is the stimulatory role of ANG II on the secretion of aldosterone by the 
adrenal cortex (45). ANG II has a very short biological half-life and is 
further degraded by aminopeptidases. 
A principal product of ANG II metabolism is the hepLapeptide angiotensin III 
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(ANG III) which manifests all activities of ANG II (27, 64), including the 
stimulatory effect on aldosterone secretion. Although ANG III is a less 
potent pressor agent than ANG II, it seans to be about equally potent in the 
negative feedback regulation of renal renin release. 
1.2.4. ANGIOTENSIN CONVERTING ENZYME 
The angiotensin converting enzyme (ACE) is a rather unspecific peptidase 
which cleaves a dipeptide from the carboxy-terminal end of a variety of 
subtrates, including the inactive ANG I, which is then converted into 
biologically active ANG II (134, 138). ACE activity requires chloride or 
other halide ions and can be inhibited by chelating agents (133) implying 
that the enzyme is a metalloprotein (one zinc atom pro molecule is essential 
for enzymatic activity). ACE is a glycoprotein that contains about 25% 
carbohydrate with a molecular mass of 130,000 daltons (44). ACE was 
originally detected in blood plasma but the plasma activity appeared to be to 
low to account for the rapid pressor response in infusions of ANG I (106). 
The ACE has been shown to be present in tissues all over the body, including 
kidney, liver and the peripheral vascular bed. In particular the lung 
capillary bed contains high concentration of the enzyme (2). ACE appears to 
be associated with the luminal surface of the endothelial cells in the lung 
(130). Nearly all ANG I is converted in one passage through the lung. This 
makes the pulmonary vascular bed a unique site for controlling the levels of 
ANG II entering the arterial circulation. In addition to the conversion of 
ANG I to ANG II, ACE also hydrolyses the vasopressor bradykinin (140). Thus 
it appears that the enzyme which produces a very potent vasopressor substance 
also inactivates a potent vasodepressor substance. 
1.3. THE JUXTAGLOMERULAR COMPLEX IN NWMALS 
The anatomical unit at the service of the RAS in mammals is the so-called 
juxtaglomerular (JG) apparatus or complex (Fig. 2a). This complex is situated 
at the hilus of the renal glomerulus and consists of the granulated JG cells 
present in the afferent arterioles, the extraglomerular mesangial cells and 
the macula densa region of the distal tubule. It is a matter of debate 
whether the recently described peripolar cells (129) also should be regarded 
as part of the JG complex. The various components of the JG complex will be 
briefly described below. For detailed descriptions of the structural 
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relationship of the JG complex the reader is referred to the surveys of 
Rouiller and Orci (126), Barajas and Müller (7), Barajas (6) and Hill et al. 
(81). 
Fig. 2. Schematic representation of the components of the juxtaglomerular 
apparatus in a mammal (a) and an amphibian (b). 1) Granulated myoepltheloid 
cells, 2) Extraglomerular mesengial cells, 3) Macula densa, 4) Peripolar 
cells. Other structures represented in the figures are: 5) Afferent 
arteriole, 6) Efferent arteriole, 7) Capsule of Bowman, 8) Glomerular tuft 
and 9) Proximal tubule. (Figures modified according to Sokabe and Ogawa, 
1974). Б 
1.3.1. JUXTAGLOMERULAR CELLS 
The so-called JG cells or epitheloid cells are present in the walls of the 
afferent and sometimes also in the walls of the efferent arterioles near the 
glomeruli. The JG cells contain numerous homogeneous membrane-bound granules. 
Already in 1925, Ruyter (127) suggested that the JG cells are modified smooth 
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muscle cells which was later affirmed by Latta and Maunsbach (94) and Bohle 
and Sitte (20) by the demonstration of the presence of myofibrils in these 
cells. A frequently employed method for light microscopic visualisation of 
the JG granules is the staining procedure according to Bowie (22) which was 
later modified by Hartroft (73). With this method the granules can be shown 
to be present in all mammalian vertebrates as well as in man. Already in 
fetal and embryonic kidney material granulated cells appear to be present. 
Under expierimental conditions such as adrenalectomy and renal artery 
constriction changes in the granularity of the JG cells can be brought about 
(33, 74, 124, 132). A number of authors have used histochemical techniques to 
demonstrate acid phosphatase activity in these granules (52, 54, 95, 99). The 
lysosomal nature of the JG granules, on the other hand, has been denied in 
studies using tracer substances (28) and fractionating techniques (69). 
The presence of renin in these granules has been definitely established by 
micropuncture techniques (42) and iimunocytochemical methods using antibodies 
to renin (149, 150). 
1.3.2. THE EXTRAGLOMERULAR MESANGIAL CELLS 
These cells fill up the extraglomerular mesangial region which is bordered by 
the glomerular afferent and efferent arterioles and the macula densa segment 
of the distal tubule (Fig. 2a). The cells form a continuation of the 
glomerular mesangium and are called pseudcmeissnerian cells (65), polkissen 
cells (169), lacis cells (115) extraglomerular mesangium (5) or cells of 
Goormaghtigh. The small cells have flattened nuclei and their scanty 
cytoplasm shows a relative scarcity of subcellular organelles (14). The 
slight granularity of the cells may increase under those experimental or 
fsathological conditions (constriction of the renal artery, adrenalectomy) 
which also cause an increase in the granularity of the JG cells (8, 49). It 
is likely therefore that these granules are similar to those of the JG cells 
in the afferent arteriole. The extraglomerular mesangial cells as well as the 
other cells of the vascular components are separated by basement membranes. 
Nevertheless, gap junctions have been demonstrated between the vascular 
conponents of the JG complex and between the intraglomerular and extra-
glomerular mesangial cells (15, 55). This indicates that the JG cells and 
those of the glomerular tuft may be functionally coupled. 
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I.3.3. MACULA DENSA 
The macula densa is a special segment of the distal tubule at the site where 
the tubule returns and attaches to the vascular pole of the parent 
glomerulus. The macula densa region consists of cells with closely packed 
nuclei which are turned to the afferent and efferent arteriole (Fig. 2a). 
Contrary to the other distal tubule cells the macula densa cells have their 
Golgi apparatus in a basal or lateral position (100, 101). The macula densa 
cells display a marked glucose-6-phosphate dehydrogenase and 6-phospho-
gluconate dehydrogenase activity (80). On the other hand, the Na-K-ATPase 
activity of these cells appears to be very low, if present at all (10). The 
low concentration of an enzyme which is involved in the maintenance of the 
sodium-potassium balance of the cell interior could cause the cytoplasm of 
the macula densa cells to be more influenced by changes in concentrations of 
sodium and potassium in the tubular lumen. 
1.3.4. PERIPOLAR CELLS 
Recently an additional morphological component of the JG ccmplex has been 
described (81, 128, 129). These cells surround the origin of the glomerular 
tuft at the junction between parietal and visceral epithelium and have 
therefore been called "peripolar cells". On one surface the peripolar cell is 
flattened against the basement membrane of the Bowman's capsule; its other 
surface is freely exposed to the urinary space (Fig. 2a). Like the granular 
epitheloid cells in the afferent arterioles, the peripolar cells contain 
multiple cytoplasmic granules. The composition of these granules is not 
known. In view of the location of the cells which allows a release of 
granular material directly into the urinary space, it has been suggested that 
the granules contain a factor which affects tubular reabsorptive function. 
1.4. FACTORS CONTROLLING RENIN RELEASE 
It is generally accepted that a number of receptors and factors is involved 
in the regulation of renin release from the JG cells. These mechanisms can be 
classified into two groups: 1) Intrarenal receptors: i.e. a) the renal 
vascular baroreceptor, presumably located in the glomerular afferent 
arteriole; b) the chemoreceptor present in the macula densa; с) the renal 
neurogenic receptor present on the JG cell membrane. 2) Extrarenal factors 
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such as catecholamines, angiotensin II, antidiuretic hormone (ADH), proges­
terone, mineralocorticoids, adrenocorticotrophic hormone (ACTH), parathyroid 
hormone, glucagon, and the ions К , Na , Mg and Ca . These various factors 
will be briefly discussed below; for detailed information the reader is 
referred to the original literature or to the reviews of Zehr et al. (168) 
and Freeman and Davis (58). 
1.4.1. RENAL VASCULAR BARORECEPTOR 
Tobian et al. (158) first recognized the importance of the renal perfusion 
pressure in renin release. In isolated rat kidneys they observed a decreased 
granulation in the JG cells with a rise in perfusion pressure which brought 
them to suggest that the JG cells act as a stretch receptor. Blaine and 
co-workers (16, 17) used a kidney model in which this intrarenal receptor was 
optimally "put on its own" by elimination of the influences of the macula 
densa, the nervous system and the circulating catecholamines. With this 
carefully prepared model these authors could demonstrate that hemorrhage and 
suprarenal aortic constriction produced a striking increase in renin 
secretion. Additional evidence for an autonomous role of the renal vascular 
receptor came from the work of Witty et al. (167), who used the alkaloid 
papaverin to dilate the renal afferent arterioles and to block the renal 
autoregulation. Paralysis of this afferent arteriole function prevented 
hemorrhage-induced renin secretion in the denervated non-filtering dog 
kidney. These experimental findings firmly support the concept of a renal 
vascular receptor for renin release located in the afferent arterioles. 
1.4.2. MACULA DENSA RECEPTOR HYPOTHESIS 
The juxtaposition of the macula densa cells and the specialized JG cells has 
1 ed to the early suggestion of a functional relationship between these two 
structures (66, 67). Indeed an important role of the macula densa could be to 
form an anatomical pathway for the transfer of information from the tubular 
fluid to the JG cells. However, it was not until the 1960's that 
physiological and pharmacological studies were initiated to provide 
experimental evidence for such a "macula densa hypothesis". This hypothesis 
states that renin release is regulated, at least in part, by some property of 
the tubular fluid in contact with the media cells. Evidence came from the 
experiments of Vander and Miller (160) in which it was shown that aortic 
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constriction induced an increased renin secretion, which could be prevented 
by administration of diuretics. The authors postulated that renin release is 
inversely related to the rate of sodium delivery to the macula densa 
(so-called "sodium load"). The micropuncture experiments of Churchill et al. 
(38, 39) seem to provide additional support to this supposition. In sodium 
deprived, sodium loaded and control rats they found for each individual rat a 
close relationship between renin secretion and sodium transport at the macula 
densa. However, no consistent relationship was found between renin release 
and distal tubular fluid concentration. Studies from Kotchen et al. (89, 90) 
have provided evidence that chloride rather than sodium is the crucial factor 
in the modification of renin release. They found that renin activity was not 
suppressed in animals loaded with sodium salts (such as sodium acetate, 
sodium nitrate and sodium thiocyanate) when compared to those loaded with 
sodium chloride or choline chloride. On the other hand it was recently 
demonstrated (in dogs with thoracic cavai constriction) that the rate of 
renin secretion is suppressed by intrarenal infusion of sodium and potassium 
lactate to a degree similar to that seen during sodium chloride infusion 
(145). Taken together this means that although the most widely accepted view 
is that renin release is centered around some function of tubular sodium, the 
precise signal perceived by the macula densa remains to be defined. 
1.4.3. NEURAL CONTROL OF RENIN RELEASE 
There is convincing evidence now that the sympathetic nervous system (SNS) is 
involved in the regulation of renin release. This regulatory function of the 
SNS is exerted directly by innervation of the JG region and indirectly by 
modulatory actions imposed on other renin release controlling factors, 
Reviews of neural control of renin release are given by Donald (47), Davis 
and Freeman (46) and Freeman and Davis (58). 
Anatomical studies have demonstrated that the JG regions and in particular 
the granulated JG cells are strongly innervated by sympathetic non-myelinated 
nerve fibers (4, 6, 126). The nerve terminals or varicosities contain dense 
core vesicles in which the neurotransmitter noradrenaline is present (7). 
These nerve terminals are believed to form a neuro-effector junction with the 
JG cells across a space of about 100-200 nm with an intervening basement 
membrane. 
In many experiments it has been shown that direct electrical stimulation of 
the central nervous system or of the renal sympathetic nerves modifies renin 
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release. In particular Johnson et al. (85) have demonstrated that the renal 
nerves can stimulate renin release independent of tubular or vascular action. 
Since then many studies aimed to characterize the receptors on the membrane 
of the JG cells. In particular the use of adrenergic blocking agents have 
demonstrated that a ¿s-^ adrenergic receptor is involved (84, 148, 162). 
Despite this, the important question of whether neural mechanisms are 
involved in momentary control of renin release is still unanswered. 
1.4.4. HUMORAL CONTROL OF RENIN SECRETION 
The catecholamines adrenalin and noradrenalin increase renin secretion as 
follows from the increase in plasma renin activity after intravenous or 
intrarenal infusion from these substances (85, 159, 162). Using a kidney 
preparation in which both the baroreceptor and the macula densa receptor were 
selectively eliminated, it was demonstrated that noradrenalin acts directly 
on the JG cells, whereas the adrenalin effect is mediated by the renal 
arterioles. The inhibitory action of dopamine is indicated by the increase of 
plasma renin levels after administration of a dopamine antagonist (164). 
The peptides angiotensin II and the antidiuretic hormone (АШ) decrease 
plasma renin activity or renin secretion, presumably by a direct effect on 
the JG cells (131). For angiotensin II the operation of a short-loop 
negative-feedback mechanism has been proposed (18). Recent studies have shown 
that angiotensin II (36) as well as ADH (37, 121) inhibit renin release in a 
dose-dependent manner. Their inhibitory actions require the presence of 
extracellular calcium. 
Stimulatory effects of renin release have been reported for progesterone (25, 
139, 146) and adrenocorticotropin (76, 77) whereas suppressive effects of 
mineralocorticoids have been established (88, 125). 
Although investigative interest is being focused increasingly on the role of 
the renal prostaglandin system in renin release, it is considered beyond the 
scope of this introduction to survey this topic in any detail. Recent reviews 
are given by Henrich (79) and Freeman et al. (59). The bulk of the current 
evidence supports the concept that prostaglandins stimulate renin release by 
direct action on the JG cell and possibly also by an indirect action in the 
intact animal to modulate the other renin release mechanisms. A number of 
prostaglandins have been shown to induce renin release, but prostacyclin 
received the most attention as the likely physiological mediator. According 
to Freeman et al. (59) there is little direct support for the hypothesis that 
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the renal prostaglandin system functions as an essential intermediary step in 
the stimulus-secretion coupling for the three intrarenal receptor mechanisms 
and the renales-adrenergic receptor mechanism. 
The effects of plasma ions have long been implicated in the control of renin 
release. Whereas in the 60's and the early 70's, the investigations were 
directed towards the effects of sodium and potassium (hypematremia lowers 
plasma renin activity; acute and chronic potassium loading inhibits renin 
release), in current research there is considerable interest in the role of 
the calcium ions in the mechanism of renin release. 
Early studies on the influence of calcium (91) had demonstrated that infusion 
of calcium supresses renin release. In the studies of Watkins et al. (163) it 
was demonstrated that these effects were not mediated through a macula densa 
mechanism, viz. were not secondary to altered renal handling of Na or Cl-
ions. These studies therefore justified the conclusion that Ca exerts a 
direct action on the JG cells. The findings of Watkins et al. were 
substantiated in several reports concerning the influence of Ca on renin 
release in isolated perfused kidneys (56, 97) and in isolated perfused 
glomeruli (9). These reports are consistent with the idea that renin release 
is inversely related to perfusate Ca concentration. 
1.4.5. CELLULAR MECHANISMS REGULATING RENIN RELEASE 
In 1977 Peart (122) suggested that the cellular mechanisms for the control of 
renin release are analogous to the mechanisms for control of the contractile 
state of vascular smooth muscle cells, a suggestion which logically proceeds 
from the histological origin of the JG cells. According to Peart's "calcium 
flux hypothesis" all those actions and substances which results in an 
increased intracellular free calcium level, will lead to smooth muscle 
contraction and inhibition of renin release. Conversely, those substances 
which cause a reduction of ionized intracellular calcium and lead to smooth 
muscle relaxation, will cause increased renin release. 
This concept of an inverse relationship between intracellular free calcium 
concentration and release of renin has been tested in a number of studies. 
One approach has been to use calcium-specific ionophores, such as A23187 (9, 
62) which tray promote the entry of calcium into the JG cells. Such studies 
however, have given conflicting results, presunably because the ionophores 
not only will induce alteration in the cellular compartmentalization of 
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Fig. 3. Stimulation and inhibition of renin secretion by various factors and 
the supposed cellular mechanisms involved. PCa indicates calcium permeability 
of the JG cell membrane (Figure modified after Fray et al. 1983). 
calcium but also may break down the integrity of the cell membrane with 
possible effects on prostaglandin metabolism. 
Another approach has been to study the calcium dependency of the inhibitory 
effects on renin release of ANG II (161, 36) and ADH (37). Both agents 
appeared to inhibit renin release in a dose-dependent manner and these 
inhibitory actions require the presence of extracellular calcium. In these 
studies the inhibitory actions of ANG II and ADH were explained through an 
increased influx of calcium, presumably through voltage-sensitive channels. 
Evidence to support this supposition came from studies in which calcium entry 
blockers such as verapamil (121) and D 600 (36, 37) were used. 
Recently, Fray et al. (57) have advanced their so-called "stretch receptor 
hypothesis" which suggests that the diverse receptors and factors which 
control renin secretion do so by a mechanism initiated by a fall in 
cytoplasmic calcium (Fig. 3). This fall in calcium may be achieved by 
lowering Ca influx, raising Ca efflux and/or sequestering Ca into 
cellular organelles and binding sites. According to these authors, the 
increased renin secretion observed with low arterial pressure,^-adrenergic 
agonists, parathyroid hormone, glucagon, cyclic AMP, prostaglandins, low 
Ca , Ma and CI - and high Mg may be explained in this context. On the 
other hand, the decreased renin secretion observed with high pressure, 
cxí-adrenergic agonists, some prostaglandins, angiotensin, ADH and high К may 
be explained by a rise in cytoplasmic Ca mediated by an opposite sequence 
of events. The reader is referred to the original literature for further 
details, in particular with regard to such aspects as plasma membrane 
hyperpolarization, depolarization, permeability channels for Ca + + and other 
ions, electrochemical gradients and other phenonena. We will return to this 
subject in chapter VIII. 
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1.5. THE JUXTAGLOMERULAR APPARATUS AND THE RENIN-ANGIOTENSIN SYSTEM IN NON-
MAMALIAN VERTEBRATES 
The comparative approach to the RAS, in addition to its intrinsic interest 
may give some insight into the evolutionary trends of the RAS. For exanple, 
wtiat were the original functions of this system in lower animals and how did 
these functions change during adaptations of vertebrates life to diverse 
environnent s, such as from a marine to a freshwater environnent and from 
aquatic to terrestrial conditions? Moreover, comparative studies may favor 
serendipitous discoveries (166). However, Nlshimura (107) has pointed out 
that the information available to date on comparative aspects of the RAS is 
not large, mainly because of problems in obtaining and laboratory maintenance 
of taxonómically appropriate species and because of difficulties in using 
adequate surgical and or analytical techniques. For example the estimation of 
the presence or absence of renal renin activity is usually done by incubating 
kidney extracts with homologous plasma and testing the vasopressor activity 
of the product in anesthetized rats. However in such studies usually no 
consideration is given to the possible occurrence of prorenins. Such 
prorenins may be activated during cold temperature exposure thereby 
introducing systematic error into the renin assay. Therefore, the results of 
non-mammalian renin assays must be interpreted with caution (166). 
Here a brief survey will be given of the evidence for the occurrence of renin 
or renin-like substances in non-mamnalian vertebrates. Also the various 
components of the JG complex as the supposed site of renin synthesis will be 
reviewed; cf. Fig. 4. With exception of the amphibians, little attention will 
be given to other components of the RAS or to studies related to the 
biological significance of this system. Full details can be found in the 
reviews of Sokabe and Ogawa (143), Taylor (151), Nishimura (107) and Wilson 
(166). 
In the jawless fishes (Agnatha), which are the first representatives of the 
vertebrates, no structure resembling a JG apparatus is present (147, 119). 
One study (110) failed to demonstrate renin-like activity in two species of 
this class. On the other hand, lamprey renal extracts incubated with canine 
renin substrate generate pressor substance similar to angiotensin (78), 
suggesting that lamprey possesses a renin-like enzyme but lacks detectable 
renin substrate. 
Within the class of the cartilaginous fishes (Chondrichthyes) there are 
differences between the two subclasses. The sharks and rays (Elasmobranchii) 
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Fig. 4. Phylogenetic tree of vertebrates and the presence or absence of renal 
renin and granulated epitheloid cells in the kidney. Explanation of symbols: 
renin ( ·: present, θ uncertain) and granulated cells ( • : present, В : not 
found in all species examined, D : absent). 
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do not possess the three components of the JG apparatus (30, 119, 144, 147) 
and renin-like activity has not been demonstrated in the species studied 
(110). In a recent study (78) however, it was demonstrated that dogfish renal 
extracts give a positive rat bioassay when incubated with rat renin 
substrate. In the holocephalian representatives (Holocephali) granulated 
epitheloid cells have been found close to and distant from the glomeruli but 
no macula densae or extraglomerular mesangia were found (109, 118). The 
biochemical evidence for the presence of renin-like substances is 
inconclusive (109). 
In the primitive ray-finned fishes (Chondrostei) studied all three components 
of the JG complex are lacking (109, 92) and whether or not the presence of 
renin activity has been demonstrated is disputable (109). 
From the intermediate ray-finned fishes (Holostei) two species have been 
investigated. Granulated cells were only found in one of them (109, 116), but 
renin activity could be demonstrated in both species (109). 
Almost all of the glomerular as well as aglomerular kidneys from the more 
than one hundred modem bony fish (Teleostei) species studied contained 
granulated myoepithelial cells, which resemble JG cells in their appearance 
and staining affinities (21, 26, 30, 34, 92, 102, 103, 143, 144, 147). 
However, these cells contain granules much smaller than those of other 
vertebrates. Renin activity has been demonstrated in both the kidneys and 
plasma of teleost of freshwater and seawater habitat (3, 29, 98, 103, 108, 
113, 143). Whether the RAS contributes to osmoregulation in teleosts 
acclimatized to freshwater, is uncertain (166). For the teleost fishes 
inhabiting hypertonic enviroments it has been suggested that the RAS may 
regulate drinking in order to adapt for osmotic water loss across their gills 
(166). 
The lobe-finned fishes (Sarcopterygii) with only seven species living, are 
the ancestors of the tétrapodes. Granulated epitheloid cells, resembling 
granulated JG cells were present in the large renal arteries (93, 109, 116). 
However, the distal tubule does not contact the glomerular vascular pole and 
an extraglomerular mesangium is not present. Renal renin extracts of the 
coelacanth demonstrate renin activity (109) and also the kidneys of the 
lungfishes studied (19, 109) appear to contain renin activity. 
Because this thesis deals with the JG apparatus and renin in the kidneys of 
an amphibian, the anuran Bufo bufo, the evidence for the presence of a JG 
apparatus and a RAS in the earliest land-living vertebrates will be given in 
more detail. 
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Granulated JG cells have been recognized in all representative species of 
amphibians investigated. The granulated cells do not only occur in the wall 
of the afferent arteriole close to the glomerulus but can also be recognized 
at a greater distance along the blood vessels (Fig. 2b.) (29, 48, 120, 144, 
147). Electron microscopic studies have shown that the morphology of the JG 
granules is quite different from those of mammalian JG granules (1, 11, 71, 
72) and until now, there is no direct evidence - biochemical or cytochemical 
- for the presence of renin in these structures. 
There is some controversy in the literature as to whether the renal distal 
tubule returns to its parent glomerulus and whether a macula densa occurs 
with characteristics similar to those of the mammalian macula densa (107, 
141, 143, 166). According to some authors, the distal tubular cells of 
amphibians (and birds) are sufficiently different from those of the mammal 
that they cannot be regarded as macula densa cells. The presence of 
extraglomerular mesangial cells in amphibians has not been reported. A number 
of biochemical studies have demonstrated the presence of renin activity in 
kidney extracts and in plasma of amphibians (29, 43, 50, 63, 68, 87, 111, 
142, 152, 154). Evidence for the presence of angiotensin converting enzyme 
activity in bullfrogs (Rana catesbeiana) and mudpuppy (Necturus maculosus) 
comes from studies using a converting enzyme inhibitor (61). Only a limited 
number of reports deals with the biological significance of renin in 
amphibians. Renal renin activity rose considerably in frogs (Rana pipiens) 
maintained in Na -free water (29). Results of studies on the effects of 
chronic sodium depletion on renal steroid secretion in the bullfrog ¡jointed 
in the same direction (23). Plasma renin activity was decreased by 
dehydration and increased by hydration (intravenous infusion of 0.6% NaCl and 
2% glucose) in the bullfrog (142). On the other hand little change was 
detected in kidney renin activity in the toad Bufo arenarum when maintained 
in hypoosmotic and hyperosmotic media, despite considerable changes in piastra 
and urine sodium concentrations (112). Also no changes in plasma renin 
activity were noted in toads (Bufo marinus) adapted to distilled water or 
saline solutions (63). 
Van Dongen en Van der Heijden (48) reported a decrease in granularity of JG 
cells in the toad Bufo bufo when immersed in a hyperosmotic sodium chloride 
solution for 10 days. This finding could not be substantiated by Manner and 
Ryan (71) who found no significant differences in JG cell number or granules 
in axolotls (Ambystoma mexicanum) or in toads (Bufo marinus) when exposed to 
changes in environmental sodium chloride concentrations. 
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Intravenous infusions of a hanologous renin preparation (and rmmmalian ACTO) 
produced an increase in plasma concentration and adrenal output of 
aldosterone and corticosterone in the bullfrog (87, 152). Also in 
hypophysectomized animals the infusion of frog renin preparations caused an 
elevation of aldosterone production (87). Evidence that plasma aldosterone 
levels depend on the renin-angiotensin system (and pituitary АСГН) was also 
found for the frog Rana esculenta (50). Bolus injections of synthetic or 
homologous angiotensins cause slowly-developing and relatively slight 
elevations in arterial blood pressure in Rana esculenta (50, 68), Rana cates-
be lana (31, 68) and Bufo marinus (68). The amino-acid sequence of the 
angiotensin generated by renal extracts and plasma of the bullfrog has been 
identified as Asp1, Val 5, Asn9 ANG I (75). 
Turning to the next class on the evolutionary tree, there is sufficient 
evidence to conclude that granulated JG cells are present in all reptilian 
species (144, 147). However, the renal distal tubule in these animals does 
not contact its parent glomerulus and macula densae as well as extra-
glomerular mesangial structures are absent. In kidney extracts of all 
reptiles studied, renin activity was found to be present (29, 40, 113, 114). 
The number of the studies on structural aspects of the JG apjaaratus in birds 
is small. In the birds investigated, granulated JG cells were present, 
located in the afferent arterioles close to the glomeruli (35, 86, 117, 144, 
147, 153). The distal tubules return to their piarent glomeruli and attach to 
the vascular poles. A macula densa is also present, but there is discussion 
as to whether this structure pxDssesses the characteristics of a mammalian 
type macula densa. Extraglomerular mesangial cells have been observed only in 
the kidneys of chickens (35) where they seem to be as numerous and prominent 
as in the rat. Renin activity has been detected in renal extracts of all 
birds investigated (29, 32, 35, 113, 153, 165). 
1.6. EVOLUTION OF THE JUXTAGLOMERULAR APPARATUS IN VERTEBRATE KIDNEYS 
The data presented above are summarized in table I. Based on the evidence 
available at present the following statements concerning the evolution of the 
JG complex can be made. 
- The mammalian JG apparatus is complete with three components: the JG cells, 
macula densa and extraglomerular mesangium. 
- Whether the ріегірюіаг cells should be considered as part of the JG 
apparatus, i.e. are involved in some way in the functions of the RAS, 
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Table 1. The presence of the various components of the juxtaglomerular 
apparatus in vertebrates (JGC: juxtaglomerular cells, MD: macula densa, 
DT-VP: attachment distal tubule to vascular pole of parent glomerulus, EOI: 
extraglomerular mesangium, PC: peripolar cells). 
Mammalia 
Aves 
Reptilia 
Amphibia 
Osteichthyes 
Sarcopterygii 
Actinopterygii 
Teleostei 
Holostei 
Chondrostei 
Chondrichthyes 
Holocephali 
Elasmobranchii 
Agnata 
+: present 
+: not observed in all species examined 
-: absent 
=: not studied 
(+): transitional form 
requires further investigation. 
- Avian JG apparatus is transitional in structure between that of mammals and 
more primitive vertebrates. 
- From the aimiotes, with a metanephric kidney, the reptiles have the poorest 
developed JG complex; the macula densa is lacking (the distal tubule is not 
returning to its parent glomerulus) and also extraglomerular mesangial 
cells are absent. 
- From the anamniotes, with a mesonephric kidney, the amphibians seem to have 
the highest-developed JG apparatus. JG cells are present throughout and 
there are indications for the presence of macula densa-like structures (see 
also chapter II). 
- In the aquatic vertebrates there are no indications for the presence of 
macula densa-like structures, nor for extraglomerular mesangial cells but 
most of them possess granulated epitheloid cells. 
- In the lowest vertebrates of the phylogenetic tree (sharks and rays, 
cyclostomes and chondrostean fishes) no granulated cells are found in the 
renal blood vessels. 
- The detectability of renin (in kidney extracts and/or in plasma) more or 
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renin 
+ 
+ 
+ 
+ 
JGC 
+ 
+ 
+ 
+ 
MD 
+ 
( + ) 
-
( + ) 
EGM 
+ 
+ 
-
-
DT-VP 
+ 
+ 
-
+ 
PC 
+ 
= 
= 
+ 
+ + - - -
+ + - - -
+ + - - + 
+ - - - + 
less agrees with the occurrence of granulated epitheloid cells. This 
congruency seems not to apply to the most primitive vertebrates. A number 
of explanations may account for this observation such as (a) fallacies in 
the methods of demonstration of renal renin activity; (b) uncertainties 
with regard to the anatomical source of renin and (c) the gradual 
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Ogawa, 1974). 
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development during evolution of the capability to store (pro-)renin. 
An aspect of evolution of the JG apparatus, not discussed till now, concerns 
the fact that the distribution of the JG cells in the renal arteries is 
different in the several classes of vertebrates. Fig. 5 summarizes the 
distribution of JG cells in vertebrate kidneys. JG cells appear to have been 
located close to the glomeruli during evolution of tétrapodes. On the other 
hand, in fishes the distribution is more extensive and is separate from the 
vascular poles of the glomeruli. This finding presumably is of great interest 
with regard to the so-called intra-renal RAS (156) and its development during 
evolution but this natter will not be discussed further here. 
1.7. OUTLINE OF THE PRESENT INVESTIGATION 
The aim of the studies in this thesis has been to investigate the structural 
characteristics of the JG apparatus in a representative of the amphibians. 
The amphibians are a very interesting group because they bridge the gap 
between the amniotes and the fishes (Fig. 4.). Phylogenetically they 
represent the first land-living vertebrates, although they have aquatic 
larvae and also the adults are still largely dependent on the ready 
availability of freshwater. The problems of the regulation of the water 
balance in these animals are very different from those encountered by 
mammals: amphibians do not drink and have a highly permeable skin that is 
therefore a critical factor in their water uptake. Therefore the amphibians 
are a class of considerable interest with regard to osmotic regulation and 
the endocrine mechanisms they utilize for this process. We have chosen the 
amphibian Bufo bufo as our experimental model because in this animal the 
occurrence of JG epitheloid cells had been established earlier by Van Dongen 
and Van der Heijden (48) and because in a number of Bufo species the presence 
of renin had been demonstrated by bioassay techniques. 
The second chapter deals with such aspects as the architecture of the kidney 
nephron of Bufo bufo, in particular the course of the distal tubule and the 
return to its glomerulus. The indications for the presence of a macula 
densa-like region have been further elaborated in chapter III. This chapter 
considers the ultrastructural appearance of the JG granules in the epitheloid 
media cells, the possible genesis of these granules, whether the JG cells 
have ultrastructural features of active secretory cells and aspects of their 
innervation. In chapter IV the question whether a macula densa exists in the 
kidney of amphibians as part of a JG apparatus has been further investigated 
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by histochemical techniques. 
Chapters V, VI and VII then tum to a further functional characterization of 
the JG cells and their granular content. In chapter V the concept of a 
lysosomal origin of the JG granules is examined. In chapter VI immuno-
histochemical peroxidase and fluorescence techniques using rabbit-antimouse 
renin-antiserum are applied to study the possible presence of renin in the JG 
cells of Bufo bufo. Using the immunogold staining method investigations have 
been carried out to identify the JG granules as the possible sites of renin 
storage. In a final chapter (VIII) the (immuno)histochemical findings are 
discussed in the light of what is known about cellular events associated with 
the secretory process in (mammalian) JG cells. 
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II. THE MORPHOLOGY OF THE JUXTAGLOMERULAR APPARATUS IN THE TOAD, BUFO BUFO 
A LIGHT MICROSCOPIC STUDY 
11.1. SUMMARY 
In a light microscopic study the course of the tubule in the kidney of the 
toad Bufo bufo was studied. The distal tubule returning to the glomerulus of 
its origin appears to enclose the afferent arteriole. In that area, from 
which a three dimensional graphic reconstruction is made, there is an 
intimate contact between tubular and vascular wall. The latter contains 
granulated media cells. In the part of the tubule adjacent to the afferent 
arteriole an accumulation of nuclei is present. It is suggested that this 
structure is similar to the macula densa of the mammalian juxtaglomerular 
apparatus. The functional significance of a stricture in the tubule distally 
from the macula densa-like structure is discussed. 
Key words: Kidney - Bufo bufo - Juxtaglomerular apparatus - Macula densa -
Light microscopy 
11.2. INTRODUCTION 
Previously granulated cells were demonstrated in the wall of the afferent 
arteriole in the kidney of the toad Bufo bufo (van Dongen and van der Heijden 
1969). It appeared that these cells are present not only close to the 
glomerulus but that they also are situated along an extensive part of the 
afferent arteriole. With regard to the tubules it was then found that mostly 
the distal part returns to the glomerulus of its origin lying there in close 
contact with the afferent arteriole. The number of nuclei in the wall of the 
distal tubule at the side of the arteriole is much higher than that at the 
opposite side, resembling the macula densa in the mammalian nephron. 
A macula densa-like structure was also observed in other amphibian species by 
Capelli et al. (1970), Edwards (1940), Heinzel (1967) and Kyung Sik et al. 
(1970) whereas this structure could not be demonstrated by Bellocci et al. 
(1971) and Sokabe et al. (1969) in the amphibians which were studied by them. 
It therefore seemed of interest to study the course of the toads' nephron 
paying special attention to the macula densa-like structure in the distal 
tubule and its relation to the granulated cells in the afferent arteriole. 
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II.3. MATERIALS AND METHODS 
The kidneys of 5 toads (Bufo bufo) were fixed in Bouin's fluid and embedded 
in paraffin. Serial sections (5 μη) were made with a Cambridge rocking 
microtome and stained with a modification of the silver inpregnation 
according to Movat (1961) which staining method formely had appeared to be 
most successful in visualizing juxtaglomerular granules in Amphibia (van 
Dongen and van der Heijden 1969). In these series of sections the path of the 
afferent arteriole and the glomerulus with its tubule could be followed. 
For three dimensional visualization of the areas of contact between the 
tubule and afferent arteriole, alternating sections were photographed from 
that part of the series which contained a complete nephron. From these 
photographs the outlines of the tubular and vascular elements were traced 
onto polystyrol sheets. The magnification of these elements was adapted to 
the thickness of the sheets, the latter representing the thickness of two 
sections. The drawings were cut out and superimposed, delivering a three 
dimensional model. Every time that a layer was placed, the model was photo­
graphed from a fixed point. These photographs were the material from which 
the perspective graphic reconstruction was made. 
II.4. RESULTS 
All nephrons which have been studied, in main lines present the same course. 
From the glomerulus which is situated in the ventral part of the kidney the 
proximal tubule runs towards the dorsal site, where it makes some 
convolutions and passes into the distal tubule (Fig. 1). The distal tubule 
returns to the glomerulus passing the vascular pole ventrally. In this area 
the tubule coils and runs again to the dorsal site of the kidney where it 
ends in the collecting duct. 
Although the entire nephron is surrounded by blood vessels, the contact 
between the afferent arteriole and the distal tubule is the most intimate 
one. This area of contact covers a largish part of the vas afferens, and the 
latter appears to be enclosed by the distal tubule. A three dimensional 
graphic reconstruction of this specific region is shown in Fig. 2. Since the 
areas of contact between tubule and blood vessel are hardly visible in this 
figure, four layers of the reconstruction were drawn separately (Fig. 3). In 
order to demonstrate the quantity of cells of the distal tubule, all nuclei 
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Fig. 1. Sagittal section through the kidney of Bufo bufo. At the bottom the 
adrenal gland, situated on the ventral surface öl ERe kidney. Indicated 
structures: glomerulus (Gl), proximal tubule (PT), distal tubule (DT). Parts 
of distal tubules lying in close contact with the afferent arteriole are 
indicated by arrows. Silverimpregnation. χ 160. 
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Fig. 2. Graphic reconstruction of the afferent arteriole (aa) as far as the 
glomerulus (not shown in this figure) and of the distal tubule (dt) which 
winds around the vessel. The directions of the blood and urine flow are 
indicated by arrows. Since in this figure the area of contact between blood 
vessel and tubule is only partly visible four slices (a, b, c, d) are 
separately drawn in Fig. 3. Distal to the area of contact the distal tubule 
shows a stricture (s), which is visible when other parts of the tubule are 
omitted (see inset). 
Fig. 3. Drawings of four serial sections (a, b, c, d) through the distal 
tubule (dt) and the afferent arteriole (aa) showing the areas of contact 
between both. All nuclei in the tubule or parts of nuclei which were visible 
in the histological material are indicated by dots. There is an accumulation 
of nuclei in the distal tubule adjacent to the afferent arteriole ("macula 
densa"). 
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•Mè. 
Figs. 4-6. Examples of the macula densa-like structure (MD) in the distal 
tubule (DT). In several media cells of the afferent arteriole (M) 
juxtaglomerular granules are visible (arrows). Silverimpregnation, x530. 
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or parts of nuclei which were visible in the sections of the tubular wall are 
indicated by dots. As illustrated in the latter figure and shown in 
photographs of such areas of contact (Figs. 4, 5, 6), the structure of the 
tubular wall adjacent to the afferent arteriole differs from other parts of 
the wall because of the accumulation of nuclei in it ("macula densa"). 
Following on the area of contact between tubule and blood vessel there is a 
stricture in the distal tubule over a small distance (Fig. 2, inset). 
The typical structure in the toads distal tubule bears a great resemblance to 
the mammalian macula densa. Hovœver, in mamimls the macula densa is lying 
against the hilus of the glomerulus whereas in the toad the macula densa is 
turned away from it and covers a greater part of the distal tubule. Moreover 
there is a difference in topography of the granulated juxtaglomerular cells. 
In mainmals these cells are lying near the glomerulus whereas in the toad they 
are found along an extensive part of the afferent arteriole (Fig. 7). 
II.5. DISCUSSION 
During the last decennia extensive research about the localization of the 
enzyme renin in the mammalian kidney has revealed that this enzyme is 
synthetized in the juxtaglomerular apparatus (Bing and Kazimierczak 1962; 
Cook 1960, 1963; Cook and Pickering 1958, 1959). Most authors suppose that 
renin is stored in one of the components of this system namely in the 
epitheloid cells of the media of the afferent arterioles (Cook 1967, 1971; 
Edelman and Hartroft 1961; Faarup 1968, 1971; Schmidt et al. 1971). In these 
cells granules are present which should be renin or at least could contain 
the enzyme. 
All data available about the amphibian juxtaglomerular apparatus have been 
summarized (see Table 1). It appears that juxtaglomerular granules are 
present in all animals which have been examined. However, in some cases the 
method for visualizing juxtaglomerular granules had to be adapted for the 
amphibian kidney (van Dongen and van der Heijden 1969). Moreover in most 
animals a renin-like substance could be detected in kidney extracts by 
bio-assay. As to the presence of a macula densa in the distal tubule the 
table shows that there is a discrepancy in opinion between the different 
authors. Polkissen cells or cells of Goormaghtigh have never been found in 
the amphibian kidney. In this respect it should be mentioned that the 
amphibian kidney is not homologous with the metanephros in mammals. 
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Fig. 7. Glomerulus (Gl) with the afferent arteriole (AA). Juxtaglomerular 
granules are present in the wall of the afferent arteriole along an extensive 
part (arrows). Silverimpregnation, x630. 
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Ui 
M 
Authors 
Okkels 1929 
Edwards 1940 
Bean 1942 
McKelvey 1963 
Connell and Kaley 1964 
Weichert 1965 
Hartroft 1966 
Heinzel 1967 
Sokabe et al. 1969 
Van Dongen and Van der 
Heijden 1969 
Capelli et al. 1970 
Kyung Sik et al. 1970 
Bellocci et al. 1971 
Nolly and Fasciolo 1971 
Grill et al. 1972 
Experimental animals 
frog 
frog 
homed toad 
Bufo arenarum 
Arrphibiañs 
Rana catesbeiana 
Bufo vulgaris 
Rana temporaria 
Rana catesbeiana 
Salamandra salamandra 
Rana catesbeiana 
Rana japónica 
Rana nigromac'ulata 
Buto vulgaris 
Triturus pyrrhogaster 
Buto bufo 
Rana pipiens 
trog 
Triturus cristatus 
Buto агепапдл 
Bulo paracnemis 
Bulo marinus 
Rana catesbeiana 
Rana esculenta 
Rana temporaria 
Ambystoma tigrinum 
Salamandra salamandra 
Renin 
with bio-assay 
Juxtaglomerular 
granules 
"Macula densa" Polkissen 
+ 
+ 
Table 1: Survey of the data fron the literature about the juxtaglcmerular apparatus in Arrphibia. + present; 
- not present; empty: not studied. 
The results of the present research clearly show that in the toad the distal 
tubule returns to the vascular pole of its glomerulus having an intimate 
contact with the afferent arteriole. At that place the wall of the tubule 
adjacent to the arteriole shows an accumulation of cells which can be 
conpared with the macula densa in mammals. The fact that in some amphibian 
species this macula densa-llke structure was not observed can be explained 
either by the absence of the structure in this particular animal or by 
assuming that the investigators did not recognize the structure. The latter 
supposition seems the most probable one because of the differences in 
topography and structure as conpared with the macula densa in mammals. 
The absence of a distal tubule in fishes, the lowest class of vertebrates 
probably explains the fact that neither in fresh nor in salt water teleosts a 
macula densa has been described although juxtaglomerular granules and renin 
activity could be demonstrated (Bohle and Walvlg 1964; Capelli et al. 1970; 
Capréol and Sutherland 1968; Connell and Kaley 1964; Krishnamurthy and Bern 
1969; Meyer et al. 1967; Mizogami et al. 1968; Nishimura et al. 1972; 
Olivereau and Lemoine 1969; Sokabe et al. 1969). From the above mentioned 
data it is obvious that at least in some amphibians a macula densa-like 
structure is present. On the other hand there is a great similarity between 
teleosts and amphibians with regard to the localization of the juxta-
glomerular cells, i.e. in both classes the juxtaglomerular cells are 
dispersed over a largish part of the afferent arteriole (van Dongen and van 
der Heijden 1969; Krishnamurthy and Bern 1969). It seems therefore reasonable 
to suppose that the Amphibia represent an intermediate stage in development 
of the juxtaglomerular apparatus between fishes and amniotes. 
The functional significance of the observed stricture in the tubule of the 
toad is not clear. Since it is located distal to the "macula densa" it 
possibly forces the filtrate to remain a short time in this region. This 
offers the opportunity for the "macula densa" cells to scann the electrolyte 
composition of the filtrate. Changes in this composition could then cause a 
signal from the "macula densa" cells to the epitheloid cells followed by an 
increase or decrease of renin secretion by these cells similar to the 
supposed situation in the mammalian kidney (Thurau et al. 1965, 1967, 1972). 
It seemed therefore of interest to study the ultrastructure of the 
juxtaglomerular region in Bufo bufo in order to look for structures as found 
in riHmrmls such as a poorly developed basement membrane between juxta-
glomerular cells and macula densa (Barajas and Latta 1967; Bucher and Reale 
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1961; Hartroft and Newirark 1961; Oberling and Hatt 1960; Thoenes 1961) and 
the presence of intercellular channels between the macula densa cells (Riedel 
and Bucher 1967; Latta et al. 1962) which structures in these animals are 
believed to be involved in the transfer of signals between macula densa and 
juxtaglomerular cells (in preparation). 
ACKNOWLEDGEMENT 
The authors wish to thank Mrs. Ineke van de Mee-Wienen and Miss Ans 
Rouwenhorst for their technical assistance and Mr. J.J.M. de Bekker for the 
realization of the graphic reconstruction. 
II.6. REFERENCES 
Barajas L, Latta H (1967) Structure of the juxtaglomerular apparatus. Circ 
Res 21: Suppl II, 15-28 
Bean JW (1942) Specificity in the renin-hypertensinpgen reaction. Amer J 
Physiol 136: 731-742 
Bellocci M, Picardi R, Martino С de (1971) The juxtaglomerular apparatus in 
the mesonephros of newt (Triturus cristatus). A morphologic study. Ζ 
Zellforsch 114: 203-219 
Bing J, Kazimierczak J (1962) Renin content of different parts of the 
juxtaglomerular apparatus. 4. Localization of renin in the kidney. Acta 
Pathol Microbiol Scand 51: 80-84 
Bohle A, Walvig F (1964) Beitrag zur vergleichenden Morphologie der 
epitheloiden Zellen der Nierenarteriolen unter besonderer Berücksichtigung 
der epitheloiden Zellen in den Nieren von Seewasserfischen. Klin Wschr 42: 
415-421 
Bucher 0, Reale E (1961) Zur elektronenmikroskopischen Untersuchung der 
juxtaglomerulären Spezialeinrichtungen der Niere. II. Über die Macula densa 
des Mittelstückes. Ζ Mikrosk Anat Forsch 67: 514-528 
Capelli JP, Wesson LG, Aponte GE (1970) A phylogenetic study of the 
renin^angiotensin system. Amer J Physiol 218: 1171-1178 
Capréol SV, Sutherland LE (1968) Comparative morphology of juxtaglomerular 
cells. I. Juxtaglomerular cells in fish. Canad J Zool 46: 249-256 
Connell CM, Kaley G (1964) Evidence for the presence of "renin" in kidneys of 
marine fish and amphibia. Biol Bull 127: 366-367 
Cook WF (1960) Further observations on the location of renin in the rabbit 
kidney. J Physiol (Lend) 152: 27P-28P 
54 
Cook WF (1963) Renin and the juxtaglomerular apparatus. In: Williams PC (ed) 
Hormones and the kidney. Vol 13, Academic Press, London New York, pp 247-254 
Cook WF (1967) The detection of renin in juxtaglomerular cells. J Physiol 
(Lond) 194: 73P-74P 
Cook WF (1971) Cellular localization of renin. In: Fisher JW (ed) Kidney 
hormones. Academic Press, London New York, pp 117-128 
Cook WF, Pickering GW (1958) The location of renin within the kidney. J 
Physiol (Lond) 143: 78P-79P 
Cook WF, Pickering C^l (1959) The location of renin in the rabbit kidney. J 
Physiol (Lond) 149: 526-536 
Dongen WJ van, Heijden CA van der (1969) The demonstration of renal 
juxtaglomerular granules and the evaluation of the index of granulation in 
the toad, Bufo bufo. Ζ Zellforsch 94: 40-45 
Edelman R, Hartroft PM (1961) Localization of renin in juxtaglomerular cells 
of rabbit and dog through the use of the fluorescent-^ antibody technique. Circ 
Res 9: 1069-1077 
Edrards JG (1940) The vascular pole of the glomerulus in the kidney of 
vertebrates. Anat Ree 76: 381-389 
Faarup Ρ (1968) Renin location in the different parts of the juxtaglomerular 
apparatus in the cat kidney. 2. Fractions of the afferent arteriole, the cell 
group of Goormaghtigh, the efferent arteriole and the glomerulus. Acta Pathol 
Microbiol Scand 72: 109-117 
Faarup Ρ (1971) Morphological aspects of the renin-angiotensin systan. Acta 
Pathol Microbiol Scand (A), Suppl 222 
Grill G, Granger P, Ihurau К (1972) The renin angiotensin systan of 
amphibians. I. Determination of the renin content of amphibian kidneys. 
Pflügers Arch 331: 1-12 
Hartroft PM (1966) "Juxtaglomerular" (JG) cells of the american bullfrog as 
seen by light and electron microscopy. Fed Proc 25: 238 
Hartroft FM, Newmark LN (1961) Electron microscopy of renal juxtaglomerular 
cells. Anat Ree 139: 185-199 
Heinzel W. Personal communication to: Meyer D, Jerusalem Chr, Walvig F (1967) 
Untersuchungen zur Feinstruktur der granulierten epithelotden Zellen 
präglomerulärer Arteriolen in den Nieren von Teleostiem. Ζ Zellforsch 83: 
508-526 
Krishnamurthy VG, Bern HA (1969) Correlative histologic study of the 
corpuscles of Stannius and the juxtaglomerular cells of teleost fishes. Gen 
Comp Endocrinol 13: 313-335 
Kyung Sik, Kim, Hung Sik Kwun (1970) Comparative histological study on the 
juxtaglomerular apparatus of vertebrates. J Cath Med Coll 19: 245-260 
55 
Latta H, Maunsbach AB (1962) The juxtaglomerular apparatus as studied 
electron microscopically. J Ultrastruct Res 6: 547-561 
McKelvey RW (1963) The presence of a juxtaglomerular apparatus in 
non-mammalian vertebrates. Anat Ree 145: 259-260 
Meyer D, Jerusalem Chr, Walvig F (1967) Untersuchungen zur Feinstruktur der 
granulierten epitheloiden Zellen präglomerulärer Arteriolen in den Nieren von 
Teleostiem. Ζ Zellforsch 83: 508-526 
Mizogami S, Oguri M, Sokabe H, Nishimura Η (1968) Presence of renin in the 
glomerular and aglomerular kidney of marine teleosts. Amer J Physiol 215: 
991-994 
Movat HZ (1961) Silver impregnation methods for electron microscopy. Amer J 
Clin Pathol 35: 528-537 
Nishimura H, Ogawa M, Sawyer WH (1972) Studies on the distribution and 
evolution of the renin-angiotensin system and the juxtaglomerular apparatus 
among primitive bony fishes. Fed Proc 31: 381 
Nolly H, Fasciolo JC (1971) The renin-angiotensin system in Bufo arenarum and 
Bufo paracnemis. Comp Biochem Physiol 39A: 823-831 
Oberling Ch, Hatt PY (1960) Ëtude de l'appareil juxtaglomérulaire du rat au 
microscope électronique. Ann Anat Pathol (Paris) 5: 441-460 
Okkels MH (1929) Sur l'existence d'une spieclalisation morphologique au niveau 
du рюіе vasculaire du glomérule rénal chez la grenouille. С R Acad Sci 
(Paris) 188: 193-195 
Olivereau M, Lemoine A-M (1969) Identification de "cellules juxta-glo-
mérulaires" chez deuz téléostéens: le tmjge et l'anguille. Bull Assoc Anat 
(Nancy) 142: 1260-1269 
Riedel В, Bucher 0 (1967) Die Ultrastruktur des juxtaglomerulären Apparates 
des Meerschweinchens. Ζ Zellforsch 79: 244-258 
Schmidt D, Taugner R, Dénéréaz Chr (1971) Juxtaglomerular granules in 
subcellular fractions of guinea-pig kidney. Pflügers Arch 328: 221-226 
Sokabe H, Ogawa M, Oguri M, Nishimura Η (1969) Evolution of the 
juxtaglomerular apparatus in the vertebrate kidneys. Tex Rep Biol Med 27: 
867-885 
Thoenes W (1961) Zur Feinstruktur der Macula densa im Nephron der Maus. Ζ 
Zellforsch 55: 486-499 
Thurau K, Grüner A, Mason J (1972) Aktivierung von Renin im juxtaglomerulären 
Apparat durch tubuläres Natrium im Macula densa-Segfnent. Pflügers Arch Suppl 
332: R27 
Thurau K, Schnermann J (1965) Die Natriumkonzentration an den Macula 
densa-Zellen als regulierender Faktor für das Glomerulumfiltrat (Mikro-
punktionsversuche). Klin Wschr 43: 410-413 
56 
Thurau К, Schnermann J, Nagel W, Horster M, Wahl M (1967) Composition of 
tubular fluid in the macula densa segment as a factor regulating the function 
of the juxtaglomerular apparatus. Circ Res 21: Suppl II, 79-90 
Weichert G (1965) Über die Wirkung fraktionierter Nierenextrakte von 
Vertebraten verschiedener EvolutionsStadien auf den Blutdruck der 
nephrektomierten Ratte. Pflügers Arch 284: 147-159 
57 

CHAPTER III 
AN ULTRASTRUCTURAL STUDY OF THE JUXTAGLOMERULAR APPARATUS IN THE TOAD, 
BUFO ВиГО 
A.P.M. Lamers, W.J. van Dongen and J.A.M, van Kemenade 
Biological Laboratory, Medical Faculty, University of Nijmegen, 
The Netherlands 
Cell Tissue Res. 153: 449-464, 1974 
59 

III. AN ULTRASTRUCIURAL STUDY OF THE JUXTAGLOMERULAR APPARATUS IN THE TOAD, 
BUFO BUFO 
111.1. SUNMARY 
The fine structure of the juxtaglomerular apparatus in the toad, Bufo bufo 
was investigated. It is suggested that the granules in the media cells of the 
afferent arteriole are formed from the Golgi apparatus. Many granules have a 
content of lamellar material. The media cells do not show the ultrastructural 
features of active secretory cells. In the media cells, the myofilaments are 
situated near the vascular lumen. The other cell organelles, including the 
granules, are preferentially located at the opposite pole of the cell in the 
neighbourhood of the macula densa cells and the adventitial nerve fibres. In 
these regions the media cells show many pinocytotic vesicles. The nerve 
fibres innervating the juxtaglomerular cells are non-myelinated and their 
varicosities contain dense core vesicles. The basement membranes of media 
cells and adjacent macula densa cells occasionally fuse, which may indicate a 
functional relationship between these cells. 
Key words: Juxtaglomerular apparatus - Bufo bufo - Macula densa - Electron 
microscopy 
111.2. INTRODUCTION 
By comparison with the data about the fine structure of the juxtaglomerular 
apparatus in the mammalian kidney, the information available about the 
analogous structure in amphibians is very scarse. 
A detailed electron microscopic study of the mammalian juxtaglomerular 
apparatus in the rat was published by Oberling and Hatt (1960) and earlier 
descriptions of the ultrastructure of the juxtaglomerular granules in the 
glomerular afferent arterioles were given by Dalton (1951), Hartroft (1956) 
and Bohle (1959). It appeared that the juxtaglomerular granules resemble the 
granules in secretory cells. The macula densa differs fron the rest of the 
distal tubule because of the accumulation of cells at this site, the pattern 
of dispersion of mitochondria within them, and the stringy structure of the 
basement membrane. The cells of Goormaghtigh are wrapped in a network of 
basement membrane material and have a close relationship with the macula 
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densa cells and with the afferent arteriole. These findings were confirmed by 
Barajas (1970), Bucher and Reale (1961), Hartroft and Newmark (1961), and 
Reale et al. (1963) in other mammals. 
The fact that in the macula densa cells the mitochondria are more slender and 
shorter than in other distal tubule cells (Bücher and Zimmermann 1960) and 
that the Golgi areas are situated in the basal region of the cell (McManus 
1943) and the presence of intercellular channels between the macula densa 
cells (Latta and Maunsbach 1962) as well as the fact that the macula densa 
has a poorly developed basement membrane (Oberling and Hatt 1960), all point 
to a special character of the macula densa part of the distale tubule. The 
presence of myofilaments in the juxtaglomerular cells in a number of mammals 
(Bücher and Reale 1961) is considered as an indication that these cells 
originate from vascular smooth muscle cells. Latta and Maunsbach (1962) found 
similar filaments in the cells of Goorrraghtigh in rats as well as granules, 
closely resembling those of the juxtaglomerular cells. Therefore these 
authors suppose that the cells of Goormaghtigh also derive from smooth muscle 
cells and in special cases can change into juxtaglomerular cells. In the 
juxtaglomerular cells of the human, Biava and West (1966) found the specific 
granules only in the juxtaglomerular cells, whereas non-specific 
lipofuscin-like granules occurred in the juxtaglomerular cells and other 
parts of the juxtaglomerular apparatus. Apart from the specific granules, the 
juxtaglomerular cells also contain granules with myelin figures (Barajas and 
Latta 1963b; Latta and Maunsbach 1962; Lee et al. 1965, 1966), membrane 
debris (Barajas and Latta 1963a, 1963b; Biava and West 1966; Latta and 
Maunsbach 1962; Tsuda et al. 1971) and extremely dense particles (Bücher and 
Reale 1962, 1964) which they called "granula in granulis". 
As to the innervation of the juxtaglomerular cells, Barajas (1964) found that 
the juxtaglomerular cells in monkeys and rats are innervated by 
non-myelinated fibres. He also found that the distance between the nerve 
ending and the arteriolar smooth muscle cell is many times that of the cleft 
present in the synapses of the synpathetic nerve system. With a histochemical 
fluorescence method Wâgenrark et al. (1968) and Gomba et al. (1969) 
demonstrated in rat and mouse kidney respectively that the juxtaglomerular 
cells are innervated by adrenergic nerves. 
The submicros copie morphology of the amphibian juxtaglomerular apparatus has 
been studied by Hartroft (1966) and Bellocci et al. (1971). Hartroft (1966) 
described two distinct types of granules in the media cells of Rana catesbei-
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Fig. 1. Survey electron micrograph of the contact region between an afferent 
arteriole (AA) and a distal tubule (DT). The distal tubule partly encloses 
the afferent arteriole. In the wall of the tubule an accumulation of nuclei, 
the "macula densa" (MD) is present. Note the endothelial cells (БС) 
protruding into the lumen and the media cells (MC). Some of these media cells 
contain granules (arrows), χ 1850 
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ana. The smallest type, surrounded by a limiting membrane and containing 
round and elongated structures, was supposed to be the secretory granule 
proper. Myofilaments were found in the inner or luminal part of the 
juxtaglomerular cells whereas the granules and other organelles including 
many pinocytotic vesicles were concentrated in the outer part. According to 
Bellocci et al. (1971) the juxtaglomerular cells of Triturus cristatus 
contain granules with a double membrane, enclosing electron dense material in 
a lamellar or tubular arrangement. Bellocci et al. (1971) did not find a 
macula densa-like structure nor cells of Goormaghtigh. On the other hand 
Capelli et al. (1970), van Dopgen and van der Heijden (1969), Edwards (1940), 
Lamers and van Dongen (1972) and Lamers et al. (1973, 1974) described a 
"macula densa" in the amphibians that they studied. 
This paper presents an electron microscopic study of the juxtaglomerular 
apparatus in Bufo bufo as well as an analysis of the innervation of these 
cells. This work can be considered as an extension of previous light 
microscopic studies (van Dopgen and van der Heijden 1969; Lamers et al. 1973). 
111.3. MATERIALS AND METHODS 
Ten adult toads (Bufo bufo) which were kept under laboratory conditions for 
several months, were killed by decapitation. The kidneys were cut into small 
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pieces of 1 run which were fixed for 2 hours in ice cold OsO, (17») in 220 
mOsm phosphate buffer (pH 7.2). Subsequently the tissue pieces were 
dehydrated and embedded in Epon. Thick (approx. 1 jjm) and thin (approx. 700 
A) sections were cut with an LKB-microtome, using glass knives. The thick 
sections were stained with toluidine blue. The thin sections were placed on 
formvar coated copper grids (100 mesh) and double-stained with uranyl acetate 
(Watson 1958) and lead citrate (Reynolds 1963). The sections were studied in 
a Philips EM 300 or a Zeiss ΈΜ 9 electron microscope. 
111.4. RESULTS 
As previously established in light microscopic studies (Lamers et al. 1973) 
each renal tubule returns to its glomerulus in a way comparable to the 
situation in the mammalian nephron. At a particular place in the 
neighbourhood of the glomerulus the distal part of the tubule almost 
completely encloses the afferent arteriole. At that place there is a crowding 
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Fig. 2. The endothelial cells (ВС) contain dense granules and filaments (F). 
Between the endothelial cell and the media cell (MC) the internal elastic 
lamina (IEL) is visible. L vascular lumen, χ 42.500 
of nuclei ("macula densa") in the wall of the tubule. The areas of contact 
between tubule and blood vessel were given particular attention. In Fig. 1, a 
low power electron micrograph, the elements of the juxtaglomerular apparatus 
are shown: (1) an afferent arteriole (AA) with granulated media cells (MC); 
(2) a distal tubule (DT) bending around the afferent arteriole and (3) in the 
wall of the distal tubule adjacent to the afferent arteriole a distinct 
accumulation of cells, the "macula densa" (MD). 
The wall of the afferent arterioles consists of endothelial cells, media 
cells and an adventitia. The endothelial cells protrude into the lumen of the 
blood vessel and they commonly contain dense granules and fine cytoplasmic 
filaments (Fig. 2). Normally the media cells show all the characteristics of 
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Fig. 3. Detail from figure 1. A media cell (MC) with granules (G) containing 
lamellar structures. The nucleus is lobed and on the adventitial side of the 
cell there are many pinocytotic vesicles (PV). The media cell contains 
mitochondria (M), glycogen particles (GP) and myofilaments (MF). The 
adventltia contains non-myelinated nerve fibres (NF). CF collagen fibres, DT 
distal tubule, EC endothelial cell, L vascular lumen, χ 15.000 
smooth muscle cells. However, in the glomerular afferent arterioles the media 
cells frequently contain dense granules, whereas the amount of myofilaments 
Is relatively small (Fig. 3). Moreover, these granulated media cells contain 
many mitochondria, glycogen particles and pinocytotic vesicles especially on 
the adventitial side of the cell. Golgi elements and endoplasmic reticulum 
generally are scarse in these cells. As a rule the organelles in these media 
cells are situated away from the vascular lumen whereas the myofilaments are 
present towards the vascular lumen (Figs. 3, 12). The size of the 
characteristic granules in these media cells of the afferent arteriole varies 
66 
from 0.2 to 0.5 μτη and they show a great diversity in their fine structural 
appearance. In their most characteristic form they possess a single outer 
membrane which encloses many lamellar elements (Figs. 3, 5, 8, 12, 13). These 
lamellae are of different sizes (Figs. 3, 8) mostly packed into small stacks 
which are arranged without apparent order (Figs. 3, 5, 8, 12). Sometimes the 
content of the granules is homogeneous to finely granular (Fig. 11) and some 
granules may contain glycogen particles (Fig. 10). Occasionally the outer 
membrane may be double along part of its length. Although it is not possible 
to gain information about the dynamic aspects of granule formation from 
static pictures, the analysis of a great number of micrographs leads us to 
put forward the following proposal concerning the genesis of the granules. 
The granules appear to incorporate vesicles formed in the Golgi system. Such 
vesicles are found within the granules and in the neighbourhood of the Golgi 
system (Fig. 4). The vesicles probably transform into an amorphous substance 
(Fig. 5) which is subsequently converted into lamellar structures (Figs. 6, 
7). 
Around the granulated media cells a great number of non-myelinated nerve 
fibres can be observed which apparently are related to the media cells (Fig. 
12). Cross-sections of the non-myelinated nerves in this region always show 
the axons on the side of the fibre facing towards the afferent arteriole, 
whereas the Schwann cell abuts the distal tubule. In many of the vesicles 
present in the terminals of these nerve fibres, small, dark staining "cores" 
are present. In such regions the gap between axon and media cell is 
approximately 1500 A and two separate basement membranes can no longer be 
discerned. It should be noted that the outer membrane of the media cells in 
such regions of contact with neural elements, as along other regions of the 
cell surface, shows strong pinocytotic activity. 
A similar relationship exists between the media cells and the distal tubule 
cells (Fig. 13). At contacts between them, fusion of the basement membranes 
may also occur, and the pinocytotic activity of the media cells is high. In 
such areas of fusion of the basement membranes no collagen fibres can be 
detected. 
The "macula densa" cells in the wall of the distal tubule differ from the 
normal distal tubule cells primarily because of their smaller size and their 
small mitochondria (Figs. 14, 15). Moreover the lateral and basal cell 
membranes of the "macula densa" cells are not so extensively interdigated as 
those of the rest of the distal tubule epithelium (Figs. 14, 15). With regard 
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to other cytological features, no clear-cut differences between these cell 
types could be observed. 
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Fig. 12. Non-myelinated nerve fibres adjacent to media cells always shows a 
"polarity". The Schwann cell (SO lies on the distal tubule side (DT) and the 
axonal varicosities (A) face towards the media. Some axons contain dense core 
vesicles. The absence of the membrane at the arrow is probably due to a 
sectioning artefact. The basement membranes (BM) of the nerve fibre and the 
media cell are fused, and many pinocytotic vesicles (PV) are present in the 
media cell close to this site. The myofilaments (MF) lie towards the luminal 
aspect of the cell; the other organelles are situated on the adventitial side 
of the cell, χ 35.000 
Figs. 4-8. The possible genesis of the granule of the media cell in the 
afferent arteriole of the toad is illustrated in these figures. In the 
neighbourhood of the Golgi apparatus (GA) granules with Golgi-like vesicles 
in them nay be observed (Fig. 4). These vesicles fuse and form an amorphous 
substance (Fig. 5). This substance is transformed into lamellar structures, 
but some vesicles are also present (Fig. 6). The lamellae are densely packed, 
but a few vesicles are still visible (Fig. 7). Granules with lamellae only 
are present (Fig. 8). χ 45.000 
Fig. 9. A granules packed with lamellae, and surrounded, in part by a double 
membrane. χ 45.000 
Fig. 10. A granule containing lamellar structures and glycogen particles, χ 
45.000 
Flg. 11. A granule with a content of homogeneous material, χ 45.000 
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Fig. 13. A detail from Fig. 1. Contact between the macula densa cell (MD) and 
the media cell (MC). The basement membranes (BM) are fused and there are many 
pinocytotic vesicles (PV) in the media cell, χ 25.000 
III.5. DISCUSSION 
The principal findings in the present study were as follows: the distal 
tubule partially encircles the afferent arteriole; the media cells contain 
granules and the distal tubular epithelium adjacent to the afferent arteriole 
shows an accumulation of cells which resembles the macula densa in the 
mammalian kidney (Lamers and van Dongen 1972; Lamers et al. 1973, 1974). In 
mammals, the macula densa as well as the granulated media cells 
(juxtaglomerular cells) of the afferent arteriole are found only in the 
vicinity of the glomerulus. The fact that the macula densa portion of the 
distal tubule in the toad is of greater length than in mammals and seems to 
be absent in some other amphibian species (Bellocci et al. 1971; Sokabe et 
al. 1969) and fishes, (Krishnamurthy and Bern 1969) and the fact that 
granulated media cells are dispersed over a considerable extent of the 
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afferent arteriole in Bufo bufo (van Dongen and van der Heijden 1969; Lamers 
et al. 1973), Rana catesbeiana (Hartroft 1966) as well in some teleosts 
(Krishnamurthy and Bem 1969) indicates that although in lower vertebrates 
components of the juxtaglomerular apparatus are present, the structure is not 
as "concentrated" near the hilus of the glomerulus as is the case in manmals. 
The granules in the media cells of the afferent arteriole of the toad differ 
from the mammalian juxtaglomerular granules in containing essentially 
lamellar elements whereas the mammalian granules generally have a homogeneous 
content. According to Bellocci et al. (1971) the granules in Triturus also 
have a lamellar appearance, but in our opinion they seem тэге homogeneous 
than lamellar when compared with the granules in the toad. In Rana catesbei­
ana, Hartroft (1966) observed two kinds of granules of which the smaller type 
(0.25 μη) contains numerous round and elongated densities and is considered 
to be the secretory granule. It is difficult to draw definite conclusions 
about the similarity between these secretory granules and the granules found 
in the media cells of the toad since no illustrations are presented in the 
publication of this author. 
The variation in appearance of the granules in Bufo bufo is in our opinion 
more closely related to the stage of development of the granules than to the 
existence to two (or more) types of granules. As shown in Figs. 4-9, the 
Golgi systan seems to be involved in the development of the granules. This is 
also the situation in mammals, in which the protogranules have been found 
close to the Golgi lamellae. These protogranules fuse and form the mature 
granules (Barajas and Latta 1967; Chandra et al. 1965; Skelton et al. 1967; 
Tsuda 1969; Tsuda et al. 1971). In our material granules sometimes contain 
vesicles comparable to those found quite close to the Golgi apparatus. Such 
vesicles were also observed in the juxtaglomerular granules of the rat by 
Skelton et al. (1967) and by Tsuda et al. (1971). Probably these vesicles 
change into an amorphous substance which then develops into lamellar 
structures. From the intensive staining of these lamellae by OsO, one may 
deduce that they contain phospholipids. 
Similar to the situation in the rat as observed by Biava and West (1966) and 
Tsuda et al. (1971), some granules of the toad contain glycogen particles 
(Fig. 10). 
A lysosomal nature of the juxtaglomerular granules in mammals was confirmed 
by a positive acid phosphatase reactions in studies by Fisher (1966), Gomba 
et al. (1967) and Lee et al. (1965, 1966). We have studied this enzyme 
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reaction in the kidney of the toad and we obtained the same result 
(manuscript in preparation). 
Homogeneous granules (Fig. 11) most closely resembling the mammalians 
juxtaglomerular granules are rather scarce in the toad. Moreover, it cannot 
be excluded that some of these granules are lamellar granules sectioned in 
such a way that the plane of section runs parallel to the lamellae of the 
granule, so that lamellar material rather than homogeneous content is visible 
in certain planes of section. The above findings suggest that there are some 
similarities between the granules in the media cells of the toad and the 
juxtaglomerular granules in mammals. 
The particular type of granule observed in the endothelial cells of the 
afferent arteriole in Bufo bufo are not characteristic of this vessel alone 
since comparable granules were also found by Stehbens (1965) in several types 
of blood vessels in Hyla caerula, by Steinsieppe and Weibel (1970) in blood 
vessels in Rana temporaria and by Phelps and Luft (1969) in mesenteric 
arterioles in Rana pipiens. Bertini and Santolaya (1970) have demonstrated by 
bio-assay that the granules of the endothelial cells of Bufo arenarum contain 
a substance which causes hypertension in rats. We assume that the granules in 
the endothelial cells of the afferent arteriole in Bufo bufo probably have 
similar properties. The question of whether the granules in the media cells 
contain a renin-like substance, which is known to be present in the amphibian 
kidney (Capelli et al. 1970; Cormell and Kaley 1964; Grill et al. 1972; Nolly 
and Fasciole 1971; Sokabe et al. 1969), can not be answered by the data of 
this electron microscopic study. 
In contrast to the juxtaglomerular cells in mammals the granulated media 
cells in Bufo bufo do not show the subcellular characteristics of a secretory 
cell type at a high level of secretory activity. They contain many mito-
chondria, but Golgi elements and the endoplasmic reticulum profiles, 
abundantly present in the mammalian cells (Lee et al. 1966; Rouiller and Orci 
1971), are hardly present in the toad. Such features of "inactivity" are also 
found in the granulated media cells in Triturus (Bellocci et al. 1971). 
Therefore under normal conditions the juxtaglomerular apparatus appears to be 
rather inactive in these animals. Possibly it is only under extreme 
environmental conditions that the amphibians make use of the products of this 
system. 
The part of the granulated media cells facing the lumen of the afferent 
arteriole appears not to be the most interesting part of the cell: the 
luminal region of the cell contains numerous myofilaments and little else. 
72 
л · • •
 л
 ' , 
К ?' . - ^ 
.-i'. .>-\*-*-i>••••-;· ^ 
•-:. > ^ . > • · 
Ι 
14 
• •· i· - · j.» 
,/, i. •·'" < 
:
Ш 2 : Р А , Щ 
Figs. 14-15. Comparison of a macula densa cell (MD) and a normal distal 
tubule cell (DT) at the same magnification. The macula densa cell is smaller 
than the distal tubule cell and contains smaller mitochondria (M). The cell 
membranes of the distal tubule cells are more interdigitated than those of 
the media cells. In both cells, however, the Golgi apparatus (GA) lies in the 
apical part of the cell, χ 10.000 
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The other cell organelles, including the granules, are preferentially located 
at the opposite pole of the cell, opposite the distal tubule. A similar 
distribution of organelles in the media cells was found by Hartroft (1966) in 
the bullfrog. Along the tubular side of the media cells in the toad, there is 
evidence of strong pinocytotic activity. This has also been observed in the 
media cells of Rana catesbeiana (Hartroft 1966) and is in accordance with 
observations in the mamnalian media cells (Barajas 1964; Mandalenakis et al. 
1970). Possibly the pinocytotic vesicles transport a substance originating in 
the neighbouring nerves or in the cells of the macula densa, or both, and 
involved in the contini of the production and release of renin by the media 
cells. 
There are many nerve fibres present in the adventitia of the afferent 
arteriole, all of which are non-myelinated. Their varicosities contain dense 
core vesicles and these nerve endings lie adjacent to the media cells. The 
distance between axons and media cells is about 1500 A, the same as in 
mammals (Barajas 1964; Barajas and Müller 1973). The distance of 1500 A is 5 
to 10 times the width of synaptic clefts (200 A) in the sympathetic nervous 
system (Barajas 1964) and is even larger than the distance (about 800 A) 
between nerve endings and normal vascular smooth muscle cells described by 
Rhodin (1962). Probably it is because of this distance that it is difficult 
to find nerve fibres in contact with the muscle membrane. Moreover, in a 
detailed study of the juxtaglomerular apparatus in the rat it appeared that 
only one-third of the media cells of the afferent arteriole are innervated 
(Barajas and Müller 1973). A persuasive argument for the supposition that the 
media cells of the toad are indeed innervated by non-myelinated nerve fibres 
(sympathetic?) is the fusion of their respective basement membranes. A 
comparable situation is found in the mammals (Barajas 1964). 
With the hlstochemical fluorescence method (Falck et al. 1962), it has been 
shown that in rats and mice the nerve terminals in the juxtaglomerular region 
contain biogenic monoamines (Gomba et al. 1969; Ljungqvist 1969; Ljungqvist 
and Ungerstedt 1972; Wâgermark et al. 1968). One may therefore suppose that 
in mammals the juxtaglomerular cells are innervated by sympathetic fibres. In 
this context it will be of interest to investigate in detail the innervation 
of the mesonephric kidney of Bufo bufo. 
The macula densa cells of the toad, when compared with normal distal tubule 
cells, are small and contain smaller mitochondria. However, the differences 
between macula densa cells and normal distal tubule cells are less pronounced 
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in the toad than they are in mammals, in which the macula densa cells show 
many more points of difference from the normal distal tubule cells (see 
Introduction). As this might be valid for other components of the juxtaglo-
merular apparatus of the toad, the macula densa is possibly not fully 
developed in amphibians. In fishes there is no distal tubule at all and hence 
a macula densa Is lacking. Another important point when considering the poor 
development of the macula densa in amphibians is the fact that the skin and 
bladder epithelium are involved in the regulation of sodium uptake and 
excretion. However, the fusion of the basement membranes of the toads' macula 
densa and the media cells and the strong pinocytotic activity of the media 
cells at this region of contact, suggest a functional relationship between 
the macula densa and the media cells of the afferent arteriole. 
Because of the differences between the juxtaglomerular apparatus of mammals 
and amphibians, and because of the variation in this structure within the 
class of Amphibia (Bellocci et al. 1971; Hartroft 1966; Lamers and van Dongen 
1972; Lamers et al. 1973. 1974) it seems worthwhile to examine other 
amphibian species to obtain a clearer insight into the histophysiology of the 
juxtaglomerular apparatus. 
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IV. HISTOCHEMISTRY OF THE JUXTAGLOMERULAR APPARATUS IN THE TOAD BUFO BUFO. 
THE GLUCOSE-6-PHOSPHATE DEHYDROGENASE ACTIVITY OF THE MACULA DENSA 
IV.1. SUMMARY 
An investigation regarding the question of whether there exists a macula 
densa as part of the juxtaglomerular apparatus in the kidney of amphibians 
has been carried out. With the aid of an histochemical reaction for 
glucose-6-phosphate dehydrogenase activity, the presence of a macula densa 
zone as a specialized part of the distal tubule in the toad Bufo bufo was 
demonstrated. The functional significance of the high glucose-6-phosphate 
dehydrogenase activity in the macula densa cells is discussed. 
Key words: Kidney - Bufo bufo - Juxtaglomerular apparatus - Macula densa -
Glucose-6-phosphate dehydrogenase 
IV.2. INTRODUCTION 
As pointed out earlier (Lamers et al. 1973) there exists a distinct 
difference of opinion about the presence of a rracula densa segment in the 
distal tubule as a part of a juxtaglomerular apparatus in the amphibian 
kidney. A number of authors report such a specialized structural area in the 
tubular epithelial lining (Edwards 1940; Heinzel 1967; van Dongen and van der 
Heijden 1969; Capelli et al. 1970; Kyung Sik et al. 1970; Lamers and van 
Dongen 1972; Lamers et al. 1973, 1974a, 1974b), whereas other investigators 
studying the juxtaglomerular (JG) apparatus in amphibians deny the presence 
of such a structure (Sutherland 1966; Sokabe et al. 1969; Bellocci et al. 
1971; Sokabe and Ogawa 1974). 
Histochemical methods have proved to be appropriate to demonstrate the macula 
densa zones in the mammalian kidney. As can be seen from Table 1, the 
glucose-6-phosphate dehydrogenase (G-6-PD) activity has been most commonly 
used to study the macula densa region. Also under a number of experimental 
conditions, histochemical methods have proved to be adequate to distinguish 
the macula densa cells from the rest of the epithelial cells. For example, 
Hess and Pearse (1959) demonstrated, after a Goldblatt clamp of one kidney of 
the rat, an elevated G-6-PD activity in the macula densa cells of the 
contralateral kidney. In this report we describe the results of our 
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experiments to demonstrate, with the aid of the G-6-PD reaction, the presence 
of a macula densa zone in the kidney of the toad Bufo bufo. 
Table 1. Histochemistry of the juxtaglomerular apparatus. Macula densa 
enzymes which show an elevated activity under normal or experimental 
conditions. 
ENZYMES 
Glucose-6-phosphate dehydrogenase 
6-Phosphogluconate dehydrogenase 
«-Glycerophosphate dehydrogenase 
Lactate dehydrogenase 
Malate dehydrogenase 
Alcohol dehydrogenase 
Isocitrate dehydrogenase 
Authors 
AUTHORS 
1,2,3,4,5,6,7,8,9,10, 
11,12,13,14,15,16,17. 
3,4,14,15,16,18. 
5,14,15,19,20,21. 
5,14,20,21. 
5,21. 
14. 
21. 
Rat 
Hamster 
Rabbit 
Pig 
1. Hess et al. 1958; 2. Hess and Gross 1959; 3. Hess and Pearse 
1959; 4. Fisher 1961; 6. Hess and Regoli 1964; 8. Gomba et al. 
1968a; 9. Gomba et al. 1968b; 10. Rojo-Ortega et al. 1969; 11. 
Rojo-Ortega and Genest 1970; 13. Capelli et al. 1970; 14. 
Krompecher-Kiss et al. 1971a; 15. Cantin et al. 1971; 16. Cantin 
and Huet 1973; 17. Eckert and Kunde 1974; 18. Nachlas et al. 1958a; 
19. Hess and Pearse 1961; 20. Krompecher-Kiss et al. 1971b; 21. 
Krompecher-Kiss et al. 1971c. 
15. Cantin et al. 1971. 
5. Kazimierczak 1963. 
7. Kazimierczak 1965; 12. Kazimierczak 1970. 
IV.3. MATERIALS AND METHODS 
For our studies only male individuals of the toad Bufo bufo were used. The 
experimental animals were obtained from a local supplier and were kept under 
standard laboratory conditions (160C, relative humidity 957«) for a period of 
at least three months before they were used. The animals were killed by 
decapitation, the kidneys were quickly removed and after embedding in sodium 
carboxymethylcellulose immediately frozen and kept at -20oC. Cryostat 
sections of 10 jjm were cut with a Jung microtome. The sections were treated 
with pure cold acetone (40C) for 20 minutes to remove lipids and afterwards 
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were air dried. The optimum incubation conditions appeared to be 60 minutes 
at 370C. The incubation medium used vas a modification of the medium 
described by Hess et al. (1958) and by Nachlas et al. (1958a, 1958b), and had 
the following composition: 
DiNa-Glucose-6-Phosphate 
NADP 
KCN (pH 7.2) 
MgCl2 
Tris-HCl buffer (pH 7.2) 
Nitro-BT 
Distilled water 
0.1 M 
5 mg/ml 
0.1 M 
0.05 M 
0.2 M 
4 mg/ml 
1 ml 
1 ml 
1 ml 
1 ml 
2.5 ml 
2.5 ml 
1 ml 
The incubation medium was prepared freshly immediately before every 
incubation. After incubation the sections were rinsed for 2 minutes in 
tapwater. Thereafter fixation was performed using a 4% formalin solution for 
5 minutes. To the fixation fluid 17„ CotNOOj was added. After a brief rinse 
in distilled water the sections were embedded in glycerol-jelly. In order to 
evaluate the success of the histochemical reaction on the toad kidney, 
sections of mouse kidney tissue were always simultaneously taken through the 
same procedure. 
IV.4. RESULTS 
The sections of the mouse kidney, used in our experiments as control tissue, 
demonstrate strong G-6-PD reactivity. As can be seen from Fig. 1, especially 
the proximal tubules show intense staining reaction. The glomerulus always 
remains negative. The distal tubules give weak staining reactions or none at 
all. On the other hand, the macula densa cells exhibit conspicuous 
stainability. Fig. 2 shows a glomerulus with adjacent structures in detail. 
At the tubular pole the positive reactivity of the proximal tubule cells 
appears to extend somewhat onto the cells of Bowman's capsule. At the 
opposite pole an obliquely cut distal tubule is present. The macula densa 
region exhibits a considerable reactivity, whereas the remaining part of the 
tubular lining shows a very weak reaction with hardly any staining of the 
nuclei. 
The results obtained from kidney tissue of the toad are illustrated in Fig. 
3. The upper one third of this figure is mainly occupied by profiles of 
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Fig. 1. G-6-PD activity in the kidney of the mouse. The proximal tubules (PT) 
are stained very strongly while the glomerulus (Gl) and the distal tubules 
(DT) are stained more weakly or not at all. The macula densa (MD), bordering 
the glomerulus shows a strong G-6-PD activity, χ 200 
Fig. 2. Detail of Fig. 1. The glomerulus (Gl) with Bowman's capsule (ВС) 
possesses, at the tubular pole, a high G-6-PD activity. The distal tubule 
(DT) with the exception of the macula densa (MD) segment shows a weak 
staining, χ 800 
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proximal tubules which show a weak reactivity. In the middle region two 
unstained glomeruli are present among a great number of distal tubule 
profiles which exhibit a fairly strong staining reaction. The ventral adrenal 
region, seen in the lower part of Fig. 3, shows hardly any staining. The 
afferent arteriole, close to the glomerulus, is almost completely surrounded 
by a distal tubule which, in the zone of contact with the arteriole, exhibits 
high G-6-PD activity and lies among a number of closely packed nuclei. 
Another example of the regularly found close topographic relationship of the 
afferent arteriole with the distal tubule is presented in Figs. 4 and 5. It 
is evident from these micrographs that the portion of the tubular epithelium 
which lies opposite the blood vessel shows a high G-6-PD activity in 
conjunction with densely packed nuclei. 
IV.5. DISCUSSION 
Under the conditions described the various segments of the nephron in both 
the mouse and the toad kidney show marked variations in G-6-PD staining. In 
the mouse kidney the proximal tubules are always more strongly stained than 
the distal tubules. Corresponding results were obtained in the rat kidney by 
Capelli et al. (1970). Jasmin (1967), studying the rat kidney, found the 
highest G-6-PD activity in the most proximal parts of the proximal tubules 
directly in contact with glomeruli ^ segment). Our results show that the 
mouse kidney also possesses the highest G-6-PD activity in the P.. segpnent. 
Jacobsen and Jorgensen (1973) and Jacobsen (1975), on the other hand, found 
the highest activity in the middle (P2 segment) and distal parts of the 
proximal tubule (P, segment). In agreement with the findings of Capelli et 
al. (1970) in the rat kidney, we constantly found a weak reaction in the 
distal tubule of the mouse. Jasmin (1967) reports that the first part of the 
distal tubule in the rat shows a particularly high G-6-PD activity. We were 
unable to confirm this finding in the mouse kidney. As demonstrated by Hess 
and Pearse (1959) for the macula densa region of the rat nephron, the macula 
densa region of the mouse distal tubule also shows a markedly high G-6-PD 
activity. 
The G-6-PD method used in the present study gave results comparable to those 
obtained by other investigators in the kidney of the rat. The distribution 
pattern of G-6-PD activity in the kidney of the toad appears to be different 
from that in the mouse. Especially the proximal tubule cells show either a 
weak activity or none at all, whereas in the distal tubule a relatively high 
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activity is found. That part of the distal tubule which abuts on afferent 
arteriole and is characterized by closely packed nuclei always appears to 
demonstrate a higher G-6-PD activity than the rest of the distal tubule. From 
this finding ve conclude that in the distal tubule of the toad Bufo bufo a 
iracula densa structure is present. 
Investigations dealing with the distribution pattern of G-6-PD in the kidneys 
of lower vertebrates have been carried out by Capelli et al. (1970) only. In 
fish these authors found a distinct G-6-PD activity but further details 
regarding the distribution were not given. Their results obtained in the 
amphibian kidney (Rana pipiens) were technically unsatisfactory for 
interpretation. In reptiles, staining for G-6-PD demonstrated marked activity 
in tubular segments, particularly those adjacent to glomeruli and in segments 
more distal from the glomeruli. 
As to the biological significance of the high G-6-PD activity in the macula 
densa segment, little is known with certainty. The enzyme G-6-PD catalyses 
the first step of the phosphogluconate pathway or hexose monophosphate shunt. 
One of the functions of this metabolic pathway is to convert hexoses into 
pentoses, particularly <x-ribose-5-phosphate. This pentose is required in the 
synthesis of nucleic acids. Hess and Pearse (1959) therefore believe that the 
high G-6-PD activity in the macula densa, through the elevated production of 
nucleic acids, points to a high protein (enzyme) synthesis related to the 
production of renin or its precursors. This line of thought is supported by 
the finding of Gomba et al. (1968b), who noticed a strong staining of the 
macula densa segment in the rat kidney with the methylene green pyronine 
method for RNA. However, it is evident from ndcropuncture studies (Cook 1967, 
1971) that renin can be isolated only from the JG cells of the afferent 
arteriole. A direct involvement of the macula densa in the synthesis of renin 
therefore seems unlikely. 
Krompecher-Kiss et al. (1971b) have put foreward another hypothesis to 
explain the high G-6-PD activity of the macula densa cells. As the hilus area 
of the glomerulus lacks capillaries and exhibits low levels of cytochrome 
oxidase, succinate dehydrogenase and malate dehydrogenase and high levels of 
lactate dehydrogenase and "^-glycerophosphate dehydrogenase, these authors 
believe that the aerobic degradation of glycogen is very low in the macula 
densa. Therefore they assume that the energy required is provided by 
anaerobic glycolysis and the hexose monophosphate shunt. It must be 
emphasized, however, that the hexose monophosphate shunt is not primarily a 
pathvay for obtaining energy. In most cells its chief task is to generate, in 
88 
Fig. 3. G-6-PD staining pattern in a sagittal section through the kidney of 
the toad. The adrenal gland (Ad) is situated on the ventral side of the 
kidney. On the dorsal side of the adrenal gland lies a distal tubule (DT) 
area which is G-6-PD positive. The macula densa (MD), in close contact with 
the afferent arteriole (M) stains more heavily than the distal tubule. The 
glomeruli (Gl) and the proximal tubules (PT) lying in the dorsal part of this 
section show a very weak G-6-PD activity. 
Between the proximal tubules are situated the last part of the distal tubules 
(LDT) which empty into the urine collecting duct (UCD). They possess a high 
and a moderate G-6-PD activity respectively, χ 150 
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Flg. 4. G-6-PD activity in the ventral side of the kidney of the toad. A weak 
activity is present in the glomerulus (Gl) and the last part of the proximal 
tubule (LPT). The distal tubule (DT) is strongly stained with the highest 
activity in the macula densa (MD) which is in intimate contact with the 
afferent arteriole (AA). χ 200 
Fig. 5. Detail of Fig. 4. The densely packed cells of the macula densa (MD) 
show the strongest G-6-PD activity (AA afferent arteriole: DT distal tubule). 
χ 800 
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the extramitochondrial cytoplasm, reducing power in the form of nicotineamide 
adenine dinucleotide phosphate (NADPH). 
Current views on the histo-physiological significance of the macula densa 
cells are to a large extent based on the studies of Thurau and Schnenrann 
(1965) and Vander (1967). These authors put forward the hypothesis that the 
macula densa cells have chemoreceptive properties, especially sensitive to 
changes in the sodium concentration of the tubular content. Taking into 
account the particular morphological relationship between the macula densa 
region and the JG cells, Meyer (1972) has put forward the supposition that 
the chemoreceptive macula densa cells have a transport function only, at 
least facultatively. This would imply that, dependent on the intratubular 
sodium concentration, a (probably passive) sodium and/or water transport 
takes place through the macula densa region into the JG complex. The local 
renin production and/or release is believed to be regulated in response to 
this inflow. In line with this view of a mainly passive role of the macula 
dense region is the fact that the macula dense cells possess relatively few 
and small mitochondria when compared with the distal tubule cells. This is 
true for both mammals (Bücher and Zimmermann 1960; Oberling and Hatt 1960; 
Bücher and Reale 1961; Thoenes 1961; Bücher and Riedel 1966) and amphibians 
(Lamers et al. 1974a). In agreement with these data is the finding by 
Krompecher-Kiss et al. (1971b), as mentioned in this discussion, of a low 
activity of enzymes of the respiratory chain and the Krebs' cycle in the 
macula densa cells. We also found low histochemical reactivity in the macula 
densa of the toad with respect to succinate dehydrogenase (SDH) and 
nicotinamide adenine dinucleotide (NACH) (unpublished results). As to the 
high G-6-PD activity of the macula densa cells when conpared with the cells 
of the adjacent parts of the distal tubule, one might speculate that this 
simply represents the low mitochondrial volume density, i.e., the volume of 
this cell component related to the cell volume, or in other words the high 
'volume density' of the extramitochondrial cytoplasm. 
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V. HISTOCHEMISTRY OF THE JUXTAGLOMERULAR APPARATUS IN THE TOAD BUFO BUFO. 
ACID PHOSPHATASE ACTIVITY OF THE EPITHELOID CELLS IN THE GLOMERULAR 
AFFERENT ARTERIOLES 
V.l. SUNMARY 
Histochemical techniques for acid phosphatase activity applied to kidney 
tissue of the toad Bufo bufo demonstrate that a high enzyme activity is 
present in the dense granules of the proximal tubule cells, but also in the 
media cells in the wall of the glomerular afferent arterioles. The acid 
phosphatase activity is confined to the characteristic granules in these 
juxtaglomerular cells, which therefore are lysosomal in nature. 
Key words: Bufo bufo - Juxtaglomerular apparatus - Renin - Acid phosphatase -
lysosome 
V.2. INTRODUCTION 
The renal juxtaglomerular (JG) apparatus in the mammalian kidney is an 
anatomical unit situated at the hilus of the glomerulus. It is composed of 
the afferent and efferent arterioles, the macula densa region of the distal 
tubule and a group of extraglomerular mesangium cells or lacis cells, which 
are present in the triangle, formed by the aforementioned structures. In the 
wall of the afferent arteriole modified smooth muscle cells (epltheloid cells 
or JG cells) are present, which possess a granular cytoplasm. It is widely 
accepted that the granules in these JG cells are the storage sites of the 
proteolytic enzyme renin which is involved in the production of angiotensin I 
from a circulating globulin (renin substrate or angiotensinpgen). 
Experimental evidence has been presented that in mammals there is a positive 
correlation between the bio-assay of renin and the degree of granulation of 
the JG cells in control and sodium-deficient animals (Pitcock et al. 1959; 
Tobian et al. 1959). 
The secretory nature of the JG granules in mammals therefore seems well 
established. On the other hand, histochemical studies have presented evidence 
that the granules present in the epltheloid cells have features in common 
with lysosomes. The JG granules have been studied in particular for their 
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acid phosphatase (AcP-ase) activity (Ruyter 1964; Fisher 1966; Lee et al. 
1966; Gomba et al. 1967; Eckert and Kunde 1974; Matsuhashi et al. 1977), 
which enzyme is frequently used to differentiate lysosomes from other 
cytoplasmic structures with similar morphology. Additional lysosomal enzymes, 
such as ^ -glucuronidase (Gomba and Soltész 1969), aryl sulphatase (Gomba et 
al. 1970; Soltész et al. 1979) and N-acetyl-/3-glucosaminidase (Soltész et 
al. 1979), have also been localized by histochemical methods in the renin 
containing granules of the JG cells. 
In spite of the close cytochemical resemblance between the JG granules and 
lysosomes, a functional similarity is not self-evident (Cantin et al. 1977; 
Gross and Barajas 1975). However, functional differences do not exclude the 
possibility that the "ancestors" of JG granules, in an ontogenetical or a 
phylogenetical sense, are lysosomes and that the lysosomal enzyme content 
may have to play a role in the incompletely understood mechanism of renin 
release. 
It is the aim of the present work to obtain further information about the 
enzyme histochemistry of the JG cells and their granular organelles, with 
special relation to the lysosomal nature of these structures. We have chosen 
for the amphibian Bufo bufo as experimental animal in view of the ontogenetic 
aspects of the water and salt homeostasis in this animal and for AcP^ase as 
lysosomal marker enzyme because this can readily be demonstrated at the 
electromicroscopical level. 
V.3. MATERIALS AND METHODS 
A. Animals 
Adult male Bufo bufo, weighing between 50-70 g were obtained from a 
commercial supplier and housed in large tanks containing damp peat moss. The 
temperature ranged between 16 and 180C and the relative humidity was 957o. 
Animals were left under these conditions for at least three months prior to 
experimentation. 
B. Experimental preparation 
For light microscopic studies, the animals were killed by decapitation, the 
kidneys were removed and immediately frozen and stored at -20oC. Cryostat 
sections were cut at 10 μη thickness. The sections were briefly fixed with 
formalin and subsequently treated for acid phosphatase (E.G. 3.1.3.2) with 
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Fig. la. Cryostat section of the kidney of the toad Bufo bufo (ventral side). 
The AcP-ase activity is present in the afferent arterioles (AA). Also the 
only proximal tubule sectioned (PT), shows distinct AcP-ase activity. Gl 
glomerulus; DT distal tubule. x250. 
Fig. lb. Detail form fig. la. A strong granular AcP-ase positlvity is visible 
in the media cells of the afferent arteriole (AA). Note the macula densa-like 
structure (arterisk) in the distal tubule (DT). x850. 
Fig. 2. Electron micrograph of a detail of a proximal tubule cell (PT), 
treated for AcP-ase activity. The AcP-ase reaction product is mainly 
localized at the limiting membrane of the lysosomes (ly). (Uncontrasted 
section). хбО.000. 
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sodium β -glycerophosphate as substrate (20° C, 35 min), principally 
according to Gomori (Pearse 1968). After incubation the sections were 
counterstained with 5% nuclear fast red for 10 min. The control sections were 
incubated in the absence of the substrate. 
For electron microscopic studies, the animals were anaesthetized with ether 
and the visceral organs were exposed. For retrograde perfussion of the 
kidneys a hypodermic needle (0.5 imi in diameter) was introduced in the 
bifurcation of the aorta caudally from the kidneys, whereas the aorta was 
ligated rostrally from the kidneys. Subsequently the vena cava caudalis was 
cut in order to allow free coursing of the perfusion liquid. The perfusion 
speed was 4,5 ml/min at a perfusion pressure of 10 kPa. The kidneys were 
perfused first with a 0.1 M sodium-cacodylate buffer (pH 7,3) for 2 min and 
then with 2% glutaraldehyde in the same buffer (pH 7,3, A00 mOsm) for 5 min. 
After the fixation the kidneys were dissected out and 75 \ш\ transverse 
vibratome sections were trade. In such sections the afferent arterioles are 
present in between the ventrally situated distal tubules, which layer is 
separated from the proxitml tubules by a zone of glomeruli (cf. Lamers et al. 
1973). The vibratome sections were incubated for AcP-ase activity. The 
incubation medium used is a modification of the medium as suggested by Barka 
and Anderson (1962) and had the following composition: 10 ml 0.2 M 
tris-maleate buffer (pH 5.2), 10 ml distilled water, 10 ml 0.625% sodium jh-
glycerophosphate adjusted to pH 5 with 1 N HCl. Add 20 ml 0.2% lead nitrate 
in distilled water dropwise with continuous stirring. The optimum incubation 
conditions appeared to be 20 min at 20oC. Control reactions were carried out 
in the absence of substrate. After incubation, the sections were briefly 
rinsed in cacodylate buffer, dehydrated in ascending methanol and embedded in 
Epon 812. Ultrathin sections (60-80 rm) were cut with a Reichert Ultratome 
III, placed on copper grids and studied unstained in a Philips EM 300 
electron microscope at 60 KV. 
V.4. RESULTS 
At the light microscope, the AcP-ase reactivity in the kidrey of the toad is 
localized in the afferent arterioles which are cut at a considerable distance 
from the glomerulus (fig. la). Moreover, the proximal tubule cells also 
reveal distinct histochemical reactivity. Other parts of the kidney do not 
demonstrate any AcP-ase activity. Fig. lb, which is an enlargement of one of 
the afferent arterioles of fig. la, illustrates that the AcP-ase reaction 
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Fig. 3. Electron micrograph of a cross-sectioned afferent arteriole treated 
for AcP-ase activity. One JG cell (JGC) demonstrates a heavy positive cyto­
plasm. Some unspecific staining is present on the surface membranes of the 
endothelial cells (EC). N nucleus: LAA lumen afferent arteriole. x7.000. 
product is present on the media cells, in particular on the cells which lie 
turned away from the distal tubule with its macula densa region. Despite the 
heavy staining of the cells, the granularity of the cytoplasm of the media 
cells is still visible. 
The success of the electron microscopic histochemical reaction for AcP-ase 
localization was irrefutably shown by the reactive lysosomes, present in the 
proximal tubule cells (Fig. 2). As is common in electron microscopic AcP-ase 
histochemistry, in most of these organelles the heaviest accumulation of the 
reaction product is found at the limiting membranes whereas lighter deposits 
are present in the interior of the organelles. 
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Fig. 4a. Detail of the AcP^ase stained granules in the JG cells. The AcP-ase 
precipitation is present in a lamellar pattern. хЗО.ООО. 
Fig. 4b. Conventional electron micrograph of cytoplasmic granules in JG 
cells, showing the characteristic morphology of these structures. N nucleus. 
X50.000. 
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From the "low-powsr" electronmicrograph (Fig. 3), which shows a transversely 
sectioned afferent arteriole one can observe that the JG cells, as opposed to 
the endothelial cells and the non-epitheloid media cells, possess a strong 
AcP-ase positive cytoplasm. At a higher magnification (Fig. 4a) it is seen 
that the precipitation is present in the JG granules. Such pictures of the 
AcP-ase reactive granules reveal that the reaction product is arranged in 
accordance with the lamellar design of the JG granules, which is a 
characteristic feature of the granules in Bufo bufo (Fig. 4b, Lamers et al. 
1974) and some other amphibians (Lamers, unpublished results). Sections 
incubated for AcP-ase, in which the substrate is emitted do not show any 
precipitation product. 
We have studied about 20 different afferent arterioles and in all the 
granulated cells present in these bloodvessels, we encountered a positive 
reaction of the lamellated granules. AcP-ase positivity was never found in 
the multivesicular bodies, which are also present in these JG cells (Lamers 
et al. 1974). Small AcP-ase positive primary lysosomes were only incidentally 
seen. 
V.5. DISCUSSION 
By histochemical methods, AcP-ase activity and other lysosomal enzyme 
activity can be demonstrated to be present in the JG cells of mammals (see 
introduction). This activity appears to be bound to the granules which are 
typical for these cells. Our results show that in the amphibian Bufo bufo the 
granules in the media cells of the afferent arterioles of the glomeruli also 
react positively for AcP-ase. Because this enzyme is considered to be a 
marker enzyme for lysosomes, it can be concluded that the JG media cells in 
the toad possess dense populations of lysosomal granules. In fact the 
histochemical AcP-ase precipitation in these granules is related to the 
lamellar pattern which is seen in these granules in conventional transmission 
electron micrographs (Lamers et al. 1974). 
The possibility that JG granules in mammals have a significant lysosomal 
function has recently been questioned by a number of authors (Gross and 
Barajas 1975; Cantin et al. 1977). Cantin and co-workers studied the endocy-
totic activity of the JG cells in the rat, using a number of tracer 
substances, (sucrose, Jectofer and horseradish peroxidase) which are known to 
selectively concentrate in renal tubular lysosomes. Although sucrose (MW: 
342) and Jectofer (MW: 5000) were entering the JG cells, they were not 
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entering the JG granules to any significant degree. The question arises 
whether tracer experiments are very appropriate to study the endocytotic 
uptake by JG cells. In fact these cells are surrounded by a continuous lamina 
basalis layer, which will interfere with the free passage of the tracer 
molecules or particles. Studies in which tracer molecules of greatly varying 
molecular weights are compared, in particular will present problems of 
interpretation. In an earlier study, Cantin et al. (1974) used low molecular 
weight substances (neutral red and euchrysine 3R) and indeed found that these 
tracers selectively concentrated in discrete granules which filled the JG 
cells. 
Based on findings with two-dimensional centrifugative separation techniques 
(using rabbit renal cortex), Gross and Barajas (1975) pointed out that the 
"renin containing granules are a distinct cellular particle not demonstrating 
any common subcellular compartmentalization with lysosomal marker enzymes". 
They found that the peaks of specific enzyme activity for the lysosomal 
markers (AcP-ase and aryl sulphatase) exhibited a banding density different 
from the banding density of renin containing granules. According to the 
authors this refutes the possibility that renin containing granules and 
lysosomes are one and the same. Nevertheless, they noted that small amounts 
of renin activity were present in the same region of the gradient where the 
lysosomes banded. They interpreted this finding as indicating that lysosomes 
are capable of incorporating non-lysosomal components, even in the media in 
which they are being prepared. If this were so, then one wonders why in their 
experiments the lysosomes did not also take up catalase activity because 
catalase containing granules are particularly prone to mechanical disruption 
(Baudhuin 1974; Tolbert 1978). Moreover, in the experiments of these authors, 
the renin distribution showed two distinct peaks (cf. Fig. 2 in the paper of 
Gross and Barajas). The large peak occurred separate from the lysosomal peak, 
but the smaller one was present at approximately the same position as the 
lysosomal peak. If a lysosomal incorporation would have occurred, one wonders 
why such a two-peaked renin distribution could originate. Recently, Iwao et 
al. (1983) used autoradiographic techniques to demonstrate that exogencusly 
adninistered 125 I-labeled renin accumulated in the lysosomal granules of the 
proximal convuluted tubular cells of the mouse kidney. Also imnunohisto-
chemical techniques revealed the presence of renin in the lysosomes of the 
proximal tubules (Taugner et al. 1982). Therefore we are inclined to give 
preference to an alternative interpretation of the findings of Gross and 
Barajas. In our opinion, the two-peaked renin distribution not only 
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represents the renin content of JG granules but also that of the proximal 
tubule lysosomes. Close examination of figure 2 in the report of Gross and 
Barajas also reveals a slight 'shoulder' to be present in the lysosomal peak, 
approximately underneath the highest renin peak. We consider this 'shoulder' 
as due to the occurrence of lysosomal enzymes, present in the JG granules. 
In view of these comments we do not agree with the conclusion of these 
authors cited above. On the contrary, we believe that their studies can be 
taken to support the view that the proximal tubular lysosomes do contain 
small amounts of renin, whereas the JG granules sean to be derived from 
lysosomes. 
Lysosomes play an important role in a number of cell biological processes, 
such as heterophagy, autophagy and secretion (Davidoff and Galabov 1974; 
Holtzman 1976; Rothman 1983). In the cells of various endocrine glands a 
positive correlation between the AcP-ase activity and the rate of secretory 
activity has been recognized (Wächtler and Pearse 1960; Barka 1962; Smith and 
Farquhar 1966; Boer and Jongkind 1974). Boer et al. (1976) found an increase 
of the AcP-ase activity when stimulating the neurohypophysis and they suppose 
that this enzyme is responsible for removal of "remaining release residues". 
Contrary to this view of a lysosome-dependent hormone degradation, Nagy et 
al. (1983) suggested that more specific enzymes sean to be involved in these 
processes. Other authors relate the increased lysosomal activity in 
stimulated hormone producing cells to the retrieval of membrane components 
which have confluenced with the plasmalemma during exocytosis (Tixier-Vidal 
et al. 1979; Theodosis 1979). As described in a previous study (Lamers et al. 
1974), the JG cells of the toad show a high pinocytotic activity with the 
possibility of marked endocytotic membrane uptake and a high level of 
lysosomal activity. 
A particularly interesting view on the presence of lysosomal elements in the 
JG cells is given by Gomba and Soltész (1969). These authors suggest that the 
lysosomes from these cells are related to the special life history of these 
cells. JG cells develop from smooth muscle cells present in the wall of the 
afferent arterioles. The cells are transformed into secretory cells and 
during this process actin-myosin filaments may be broken down, which requires 
the presence of lysosomal enzymes. 
From our cytochemical findings it cannot be concluded with certainty which of 
the cell biological processes Involving lysosomal activity leads to the 
development of the numerous lysosomal elements present in the JG cells of 
Bufo bufo. The ultrastructural features of the JG cells in this animal do not 
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evoke the impression of very active secretory cells; an extensive ribosome 
loaded endoplasmic reticulum is missing and Golgi profiles also are not 
abundant in these cells (Lamers et al. 1974). Moreover, the granules 
themselves with their unhomogeneous lamellated content do not give the 
impression of being secretory granules. In fact, it remains to be established 
whether the JG granules in Bufo bufo do contain renin. Further research is 
directed towards this goal. 
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VI. IMMTNOHISTOCHEMICAL DEMONSTRATION OF RENIN IN THE JUXTAGLOMERULAR 
APPARATUS OF THREE BUFO SPECIES 
VI.l. SUMMARY 
The cellular localization of renin was examined in the kidneys of some 
amphibians of the genus Bufo by immunoperoxidase and immunofluorescence 
techniques with an antiserum to renin isolated from the submandibular gland 
of the mouse. Immunoreactivity could be demonstrated in the media cells of 
the afferent arterioles (juxtaglomerular cells) close to as well as at great 
distance from the glomeruli. Occasionally, media cells of larger arterial 
vessels were also stained. The immunohistochemical data seem to be in accor-
dance with earlier results obtained with a modified silver impregnation 
technique (Movat's staining procedure) used for the visualization of 
juxtaglomerular cells in non-mammalian vertebrates. Mouse kidney tissue, 
studied for purposes of comparison, showed renin-immunoreactivity as 
described by earlier investigators, i.e., immunoreactive staining in the 
afferent arterioles near the glomeruli and in the proximal tubule cells. 
Key words: Bufo - Juxtaglomerular cells - Renin - Immunohistochemistry -
Movat silver impregnation 
VI.2. INTRODUCTION 
Since the studies by Tigerstedt and Bergman (1898) it is known that 
homogenates of the mammalian kidney contain a substance which is capable of 
inducing a rise in blood pressure. The authors introduced the term renin for 
this substance. Goormaghtigh (1939) suggested that renin is stored in the 
juxtaglomerular (JG) apparatus which is composed of the glomerular afferent 
and efferent arterioles, the macula densa of the distal convoluted tubule and 
the extra-glomerular mesangium or lacis cells. By micropipetting techniques, 
Cook (1971) was able to isolate the content of granulated JG cells and to 
show that the isolated material exerted a vasopressor activity. 
Early attempts to localize renin storing sites by immunohistochemical 
techniques were undertaken by Nairn et al. (1959), Edelman and Hartroft 
(1961) and Sutherland (1970). However, due to the unspecificity of the 
antisera used, no clear-cut cellular localization of renin was achieved. 
Since then, Michelakis et al. (1974) and Mailing and Poulsen (1977) made use 
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of highly purified renin, extracted from the gianduia submandibularis of the 
mouse, to raise very specific antibodies. With these antibodies a prominent 
imnunofluorescence in cells located at the vascular pole of the renal 
corpuscule of the mouse could be demonstrated (Menzie et al. 1978). 
Comparable results were obtained by Taugner et al. (1979, 1981, 1982b) who 
used innunoperoxidase techniques. Recently immunocytochemical studies on 
kidney tissue from man, rat and Tupaia belangeri have shown the presence of 
renin in the walls of the afferent arterioles (Celio and Inagami 1981; 
Faraggiana et al. 1982; Taugner et al. 1982a, 1982c). 
The present report provides evidence for the presence of renin-immunoreactive 
material in the kidneys of the amphibian Bufo bufo and some other toads. As a 
control concerning the imnunotechniques used, mouse kidney tissue has also 
been studied. Moreover, because in earlier investigations on non-mammalian 
vertebrates a modified Movat silver staining procedure has been applied for 
the visualization of the JG granules (van Dongen and van der Heijden 1969; 
Lamers et al. 1973) a comparison was made between the silver inpregnation 
reaction and the renin-inmunoreactivity in relevant structures of the kidney. 
VI.3. MATERIALS AND MEIHODS 
Kidneys of three Bufo species (Bufo bufo, В. marinus and В. calamita) and the 
mouse strain C57 B1/6J were fixed in Bouin's fluid and embedded in Paraplast. 
Sections (7 μη) were treated with a modification of the immunoperoxidase me­
thod according to Sternberger (1970). The sections were dewaxed in xylene (2x 
30 min) and rinsed in absolute ethanol followed by absolute methanol. In 
order to eliminate endogenous peroxidase activity the sections were exposed 
to 0.3% H2O2 in absolute methanol for 30 min. After rehydration the sections 
were rinsed with 0.9% NaCl in 0.1 M sodium phosphate buffer, pH 7.2 (PBS), 
for 10 min. Subsequently, the sections were incubated with a rabbit antiserum 
to renin diluted 1:500 in PBS with 0.1% Triton X-100 (Sigma Chemical Company, 
St. Louis, U.S.A.) for 18 h at A°C. This antiserum was raised in rabbits by 
Fig. 1. Five consecutive sections of mouse kidney. Note in lb (innuno­
peroxidase) as well as Id (imnunofluorescence) renin-imnunoreactivity in 
afferent arteriole (arrow) near glomerulus (GL) and in proximal tubule cells 
(PT). In control sections (la, e) these areas are negative. Fig. 1c 
Movat-stained section demonstrating silver precipitation in afferent 
arteriole of glomerulus (arrow). χ 350 
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highly purified renin, type A, isolated from the submandibular gland of the 
mouse (Cohen et al. 1972; Michelakis et al. 1974). The sections were 
thoroughly rinsed in PBS for 30 min, incubated with goat antlrabbit IgG (Nor­
dic, Tilburg, The Netherlands) diluted 1:30 in PBS with 0.1% Triton X-100 for 
2 h at room temperature, washed in PBS for 30 min and then incubated with a 
rabbit peroxidase-antiperoxidase complex (Dakopatts, Copenhagen, Denmark) in 
a final dilution of 1:90 in PBS for 1 h at room temperature. Following a 30 
min wash in PBS, the sections were exposed to 0.0757ο 3,3'-diaminobenzidi-
ne-tetraHCl (Sigma Chemical Company, St. Louis, U.S.A.) and 0.01% Ь^С^ in 
0.05 M Tris-HCl, pH 7.6, for 15 min at room temperature. The sections were 
then washed in PBS, dehydrated and mounted in Entellan (Merck, Darmstadt, 
G.F.R. ). Photographs were taken with Agfapan 25 film on a Leitz Dialux 20 
microscope. 
In addition, the indirect fluorescent antibody method as described by Coons 
(1958) was used. Seven μη thick sections were dewaxed, rinsed in PBS and 
incubated for 18 h at 40C with the renin antiserum diluted 1:100 in PBS 
containing 0.1% Triton X-100. The sections were rinsed in PBS for 30 min at 
roan temperature and incubated with sheep antlrabbit iimunoglobulins labeled 
with fluorescein isothiocyanate (Statens Bakteriologiska Laboratorium, 
Stockholm, Sweden), diluted 1:16 in PBS with 0.1% Triton X-100 for 30 min at 
roan temperature. Finally, the sections were rinsed in PBS and mounted with 
glycerin-PBS (3:1). Photomicrographs were taken on Kodak Tri-X film with a 
Zeiss Universal microscope equipped for epifluorescence. 
In control experiments the renin antiserum was replaced by normal rabbit 
serum. Adjacent sections were stained by the silver impregnation procedure of 
Movat (1961) as modified by van Dongen and van der Heijden (1969). In order to 
control possible effects of variations in the staining procedures sections 
from Bufo bufo, В. marinus, В. calamita and the mouse were always treated 
s imultaneously. 
Fig. 2. Five consecutive sections of toad kidney (Bufo bufo) containing a 
longitudinally (AI) and an almost transversely sectioned (All) afferent 
glomerular arteriole. Note in 2b (imunoperoxidase) as well as 2d 
Í imrrunofluorescence ) renin-immunoreactive cells in walls of these blood 
vessels close to and at great distance from glomerulus (Gl). These cells are 
negative in controls (2a, e). Afferent arterioles show heavy silver 
deposition in Movat-stained section (2c). χ 250 
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VI.4. RESULTS 
Typical staining results are illustrated in Figs. 1 and 2 showing 
corresponding regions of five, consecutive sections taken from the kidneys of 
mouse and toad and stained by the immunoperoxidase technique (a, b), the 
modified Movat's silver impregnation method (c) or by iimunofluorescence (d, 
e). 
In the mouse kidney the Movat-stained sections show a strong silver 
precipitation inside the glomeruli as well as in Bowman's capsules and the 
tubular basement membranes. In the JG area a granular staining is observed 
(arrow in Fig. 1c). Both immunoperoxidase and immunofluorescence reveal a 
strong renin-immunoreactivity in the same area (Figs, lb, d). In controls 
these areas are negative (Figs, la, e). Both inmunostaining procedures also 
demonstrate irmunoreactive material in the epithelial lining of the proximal 
tubules except for the most proximal parts. 
Movat-stained sections of the kidney of Bufo bufo (Fig. 2c) show positivily 
reacting glomerular and tubular basement membranes. Erythrocytes are also 
stained. Moreover, there is a distinct staining in the walls of the afferent 
arterioles of the glomeruli. The adjacent, immunostained sections (Figs. 2b, 
d) show a strong reactivity in the vails of the same blood vessels. In the 
control sections (Figs. 2a, e) no immunoreactivity is seen except for some 
background staining of erythrocytes. As Figs. 2b and 2d demonstrate, 
renin-imnunoreactivity is not restricted to the immediate vicinity of the 
Fig. 3. Kidney of Bufo marinus showing longitudinally sectioned afferent 
arteriole (AA). Most media cells highly immunoreactive to renin. Endothelial 
cells (asterisks) as well as some media cells (arrows) negative. (Gl: 
glomerulus), χ 625 
Fig. 4. Section from the ventral part of kidney of Bufo bufo. Iimunoreactive 
material in afferent arteriole (arrow) and in larger arterial vessel (double 
arrow). In both vessels renin-imnunoreactivity seems to be confined to media 
cells, χ 325 
Fig. 5. Kidney of Bufo bufo. Afferent arteriole (arrow) surrounded by distal 
tubule (DT). Кепіп-Ллііипогеасtivity present in afferent arteriole but absent 
in macula densa (MD) of distal tubule. (Gl: glomerulus), χ 325 
Fig. 6. Section of the kidney of Bufo calamita showing glomerulus (Gl), 
afferent (AA) and efferent arteriole (EAJ. Renin-immunoreactivity in afferent 
arteriole, not in efferent arteriole, χ 460 
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glomerulus but also present in nere proximal parts of the afferent 
arterioles. The activity appears not to be uniformly distributed over the 
wall of these blood vessels. Moreover, immunostaining is limited to the media 
cells; i.e., endothelial cells never show imnunoreactive material (Fig. 3). 
Occasionally, the media cells of the larger arterial vessels, which in 
amphibian kidneys are situated in the ventral part of the organ, also reveal 
a positive immunoreaction (Fig. 4). Renin-immunoreactivity is never oberved 
in the macula densae of the distal tubules (Fig. 5) nor in the efferent 
arterioles (Fig. 6). 
VI.5. DISCUSSION 
In this study immunohistochemical techniques have been used to find evidence 
for the presence of renin in the kidney of some Bufo species. The antiserum 
used has been prepared by Michelakis et al. (1974) using highly purified 
renin extracted from the submandibular gland of the mouse (Cohen et al. 
1972). The same antiserum has been successfully employed earlier for the 
localization of renin in the JG apparatus of the kidney of the mouse strains 
C57 BL/6J and SWR/J by imnunofluorescence (Menzie et al. 1978) as well as by 
immunoperoxidase (Tanaka et al. 1980) techniques. These studies indicated 
that antibodies to renin isolated from the mouse submandibular gland also 
react, i.e., cross-react, with renin present in the mouse kidney. Moreover, 
evidence was provided for the specificity of the immunohistochemical 
reaction, e.g., by antigen absorption. The present study confirms the 
conclusions as far as the localization of renin-immunoreact ivi ty in the 
kidney of the mouse strain C57 BL/6J is concerned and, in addition, indicates 
that antibodies to renin from the mouse submandibular gland also cross-react 
with particular cellular components of the vascular system in the kidneys of 
the Bufo species studied. Moreover, unpublished observations on kidney tissue 
from rat, sheep and man also disclosed a cross-reaction with JG cells of 
these species. In contrast, by radioimmunoassay Michelakis et al. (1974) did 
not detect cross-reacting substances in the blood plasma of rat, dog and man. 
For an explanation of the discrepancy between the results of radioimmunoassay 
and immunohistochemistry the following seems of relevance. To obtain a 
detectable binding to an antibody a certain concentration of an immuno-
reactive substance is required. Most probably, a much higher concentration is 
necessary when a non-homologous antiserum is used. Whereas such a high 
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concentration may not be mcountered in the blood plasma, the concentration 
in storing cells or cell organelles may be high enough to achieve a distinct 
immunohistochemical reaction. 
Although the occurrence of a renin-angiotensin system in lower vertebrates 
has been doubted in the past (Bean 1942; Weichert 1965) there is compelling 
evidence now that a systan as described for manmals, or a comparable one, 
exists in all vertebrate classes except for the elasmobranch and cyclostome 
fishes (see reviews Nishimura 1980; Wilson 1984). The claims that the JG-like 
structures in the kidneys of lower vertebrates are really involved in a 
renin-angiotensin system are based on conparative morphological 
considerations only. Evidence for the presence of renin and angiotensin 
activity in non-mammalian vertebrates is indirect. Kidney extracts are 
incubated with homologous blood plasma and the angiotensin produced is then 
estimated in a bioassay by measuring the increase of arterial blood pressure 
in rats (Nolly and Fasciolo 1971). However, as Wilson (1984) has pointed out 
the result of such procedures must be interpreted with caution because 
systematic errors may be introduced due to cryoactivation of plasma prorenin. 
The direct demonstration of the presence of renin in the kidney tissue of 
such animals is therefore of the utmost importance. The present study with 
immunohistochemical techniques, provides more direct evidence for the 
presence of renin or a renin-like substance in the afferent arterioles of the 
mesonephric kidney of the Bufo species investigated. However, as ccrapared to 
our findings in the mouse, in the toad the immunoreactive cells have a much 
wider distribution along the afferent arterioles of the glomeruli and, 
occasionally, can be found even in larger arterial vessels. In this respect 
the present immunohistochemical observations sean to correspond to the 
earlier findings based on conventional staining techniques such as the Movat 
silver impregnation procedure (see also: Lamers et al. 1973). 
As part of comparative studies on the JG complex (Lamers et al. 1973, 1974, 
1977) we were able to characterize the so-called JG granules in the toad as 
lysosomal in nature (Lamers and Stadhouders 1985, in press). Currently, 
immuno-electron microscopic studies are performed to determine whether these 
granules indeed contain renin-immunoreactive material. 
In conclusion, the present immunohistochemical study provides strong evidence 
for the presence of cells storing renin or a renin-like compound in the 
kidneys of three amphibians of the genus Bufo and seems to represent the 
first demonstration of such cells in non-mammalian vertebrates. 
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VII. IMMJNOELECTRON MICROSCOPIC LOCALIZATION OF RENIN IN THE JUXTAGLOMERULAR 
CELLS OF THE AMPHIBIAN BUFO BUFO 
VILI. SUMMARY 
The ultrastructural localization of renin in the juxtaglomerular apparatus of 
the kidney of the toad Bufo bufo has been examined using an immunogold 
staining method for electron microscopic imnunocytochemistry and an antiserum 
to renin isolated from the submandibular gland of the mouse. Re-
nin-inmunoreactivity was confined to lamellated granules in the cytoplasm of 
epitheloid or juxtaglomerular cells in the glomerular afferent arterioles 
and, also in the media cells of larger arteries. Mouse kidney tissue, 
examined for purposes of comparison, showed iimnmolabeling limited to the 
granules of the juxtaglomerular cells. The presence of renin or a renin-like 
substance in the juxtaglomerular granules of the toad kidney is discussed in 
relation to the lysosomal nature of these granules. A model is presented 
linking the lysosomal function of the juxtaglomerular granules and the 
release of renin mediated by β-adrenergic receptors present on the surface of 
the juxtaglomerular cells. 
Key words: Bufo bufo - Juxtaglomerular granule - Renin - Immunocytochemistry 
- Lysosome 
VII.2. INTRODUCTION 
In the kidney of mammals the juxtaglomerular (JG) apparatus is composed of a 
glomerular afferent arteriole containing a particular type of myoepithelial 
cell also called JG cell, a glomerular efferent arteriole, the macula densa 
region of the distal convoluted tubule and the cells of Goormaghtigh or 
extraglomerular mesangium lying betwsen these structures (Barajas and Müller 
1980). There is strong evidence indicating that the JG cells store and 
secrete renin. This means that the JG apparatus is involved in a number of 
important physiological mechanisms such as systemic arterial blood pressure 
regulation and the intrarenal control of glomerular filtration rate. 
In rumerous studies on kidneys of non-mammalian vertebrates characteristic 
tissue components comparable to the JG complex of mammals have been described 
(see review by Sokabe and Ogawa 1974). As in mammals a constant feature of 
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these complexes is the presence of multiple cytoplasmic granules in the 
modified smooth muscle cells of the afferent arteriole of the glomeruli. 
However, proof for the actual involvement of the granules in a renin-angio­
tensin related blood pressure regulation system requires the direct demon­
stration of renin in these granules. 
Recently, by immunohistochemical techniques we were able to demonstrate the 
presence of renin or a renin-like substance in the kidneys of some amphibian 
species (Lamers et al. 1985). Renin-immunoreactivity appeared to be confined 
to the walls of glomerular afferent arterioles and some larger arteries. 
However, a precise subcellular localization of the iimunoreactive material 
could not be achieved in these light microscopic investigations. In the 
present study use was made of the immunogold staining (IGS) method for 
electron microscopic iimunocytochemistry (De Mey 1983; Gu et al. 1981) to 
reveal the cellular components containing the renin-immunoreactive substance 
in the kidney of the amphibian Bufo bufo. 
VII.3. MATERIALS AND METHODS 
Animals 
Adult male toads of the species Bufo bufo weighing about 50 g were obtained 
from an local supplier and housed for at least three months in large trays 
with damp peat at a temperature of 16-180C and a relative hunidity of about 
95%. For control purposes kidneys of adult male mice, strain C57BL/6J, 
weighing about 30 g теге also examined. 
Preparation of tissue 
The animals were anaesthetized with aether and their kidneys were removed. 
3 
Small tissue cubes of 1 mm were fixed in freshly prepared 4% 
paraformaldehyde in 0.1 M cacodylate buffer, pH 7.3, for 3 h at room 
temperature and then thoroughly rinsed in the same buffer. Following 
dehydration in a graded ethanol series, the tissue blocks were anbedded in 
Epon 812. Silver coloured sections were cut on a Reichert Om U3 microtome 
with a diamond knife (Diatome) and collected on formvar coated nickel grids. 
For etching purposes, the grids were floated with the sections down either on 
droplets of 10% hydrogen peroxide for 10 min (Roth et al. 1978) or on 
droplets of a saturated solution of sodium hydroxide in absolute ethanol for 
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about 30 sec (Kuhlmann and Peschke 1982). The grids were then washed five 
times with distilled water (etching with hydrogen peroxide) or with absolute 
ethanol and distilled water (etching with alcoholic sodium hydroxide), 
air-dried and stored at roan temperature or immediately processed for 
immunocytochemi stry. 
Immunocytochemical procedures 
The renin-antiserum used in this study, has been prepared by Michelakis et 
al. (1974) using highly purified renin extracted from the submandibular gland 
of the mouse (Cohen et al. 1972). This antiserum has earlier been 
successfully employed for the localization of renin in the JG cells of the 
mouse (Menzie et al. 1978; Tanaka et al. 1980) and some toads (Lamers et al. 
1985). 
For the subcellular localization of renin in this study the so-called 
antibody-gold technique or iranunogold staining method (IGS) has been 
employed. Basically the prescriptions given by De Mey (1983) were followed 
for the preparation of the immunoprobes. Colloidal gold particles (20 m ) 
were prepared after Frens (1973), however, with minor modifications. To 250 
ml of distilled water, 2.5 ml Γ/Ό НАиС1,.4іиО was added. This solution was 
brought to boiling temperature under reflux, whereafter 6.25 ml 1% sodium 
citrate was added under vigorous mixing. Boiling was continued for 30 min, 
the colloidal gold solution was then cooled to 40C and stored at this 
temperature. The absorption spectrum of this solution had its maximum at 521 
rm. The optimal concentration of the goat anti-rabbit (GAR) antiserum for 
coating of the gold particles was established according to the method of 
Geoghegan and Ackerman (1977) with bovine serum albumine (BSA) as a 
stabilizer. For purification and concentration the goat anti-rabbit antibody 
coated gold particles (GAR 20 mi) were centrifuged several times (150.000 
N/kg for 60 min at 40C) and were finally resuspended in 0.2% BSA in 0.01 M 
phosphate buffered saline (PBS), pH 7.3, to which 0.02 M sodium azide was 
added as a bacteriocide and stored at 40C. 
Etched ultrathin sections were incubated for 30 min at roan temperature with 
5% goat serum in PBS containing 0.17o BSA. The sections were then incubated 
for 18 h at 40C with either rabbit renin-antiserum or with normal rabbit 
serum. These sera were diluted 1:250 in PBS containing Γ/ί goat serum and 0.1% 
BSA. After thorough rinsing in PBS with 0.1% BSA (3x10 min), the sections 
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were treated with the GAR 20 nm solution for Ih at roan tenperature. Before 
use, the GAR 20 nm solution was diluted 1:3 with PBS containing 1% BSA and 
centrifugated at 15.000 N/kg for 20 min at 20°C. All further steps were done 
at roan temperature. Sections were rinsed in PBS with 0.17o BSA (3x5 min), in 
PBS (3x5 min) and finally in distilled water (3x5 min). The sections were 
then contrasted with uranyl acetate (30 min) and lead citrate (15 min). All 
incubation and rinsing steps were made by floating the grids on drops of 
solutions present on Parafilm. After each step filter paper strips were used 
to remove excess of solution of the grids. 
VII.4. RESULTS 
Our study demonstrates that in kidney tissue fixed with paraformaldehyde at 
pH 7.3, followed by ethanol dehydration and embedded in Epon 812 the 
ultrastructure is still adequately preserved without abolishment of 
renin-immunoreactivity. However, to obtain immunocytochemical staining, Epon 
has to be etched in order to expose a sufficient number of antigenic sites. 
For the mouse kidney tissue, treatment of the sections with hydrogen peroxide 
appears to be adequate and causes no noticeble change in the ultrastructure. 
On the contrary, etching of toad kidney sections by alcoholic sodium 
hydroxide is required but this treatment causes considerable damage to the 
tissue. No consistent immunostaining results are obtained by pretreatment of 
these sections with hydrogen peroxide. 
In the kidney of the mouse, strain C57BL/6J, renin-imnunoreactivity is 
limited to the granulated media cells of the glomerular afferent arterioles 
(Figs, la-lc). Distinct concentration of colloidal gold particles are shown 
on the JG granules with little variation in staining density. All other 
organelles of the media cells are virtually negative. No staining is 
encountered in the cells of the macula densa, the glomeruli or other renal 
structures. In the controls, in which the antiserum is replaced by normal 
rabbit serum, only some, randomly dispersed colloidal gold particles are 
Fig. 1. Ultrathin section of Epon-embedded mouse kidney etched by Η~ρ~ and 
then stained by an irmunogold procedure using an antiserum to renin. Fig. la 
shows a cross-sectioned afferent glomerular arteriole (AA) with granulated 
media cells (JGC). Outlined areas are enlarged in Figs, lb and 1c. Gold 
particles are concentrated above the juxtaglomerular granules (JGG). Other 
structures are essentially negative. Gl, glomerulus. N, nucleus. Mf, 
myofilaments. Fig. la, x4,200; Figs, lb and 1c, x22,500. 
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observed on the JG cells. 
Sections pretreated with alcoholic sodium hydroxide show a heavy labeling of 
the JG granules besides some imnunoreactivity in part of the apical granules 
of the proximal convoluted tubule cells (not shown). 
In Bufo bufo depositions of colloidal gold particles are present in the media 
cells of the afferent arterioles of the glomeruli as well as in some larger 
arteries. Fig. 2 represents a portion of a granulated media cell from an 
afferent glomerular arteriole showing distinct concentration of gold 
particles on the cytoplasmic granules. In Fig. 3 a media cell of an afferent 
arteriole adjoining a distal convoluted tubule cell is illustrated. Whereas 
in the media cell gold particles are localized over most of the cytoplasmic 
granules, the tubular cell is devoid of immunoreaction including the densely 
contrasting structures which presumably are mitochondria. 
As can be noted from the Figs. 2 and 3 treatment of the sections with 
alcoholic sodium hydroxide causes considerably damage to the ultrastructure 
irrespective of the exposure time applied. For this reason the cytoplasmic 
structures revealing immunoreactive material are identified by comparing two 
adjacent ultrathin sections, one stained by uranyl-lead only and the other 
stained immunocytochemically (Figs. 4a-4c). This procedure unequivocally 
demonstrates that renin-immunoreactivity is confined to the lamellated 
granules which are characteristic for media cells in a number of Bufo species 
(Lamers et al. 1974, 1976). 
VII.5. DISCUSSION 
In mammals the renin-angiotensin system (RAS) plays an important role in the 
regulation of blood pressure and of the volume and composition of the 
extracellular fluid (Reid et al. 1978). Moreover evidence is growing for 
multiple interaction between RAS and the thromboxane-prostaglandin system 
Figs. 2 and 3. Ultrathin sections of Epon-embedded kidney of Bufo bufo etched 
by alcoholic sodium hydroxide and then stained by an immunogold procedure 
using an antiserum to renin. Fig. 2 shows a granulated media cell (JGC) in an 
afferent glomerular arteriole containing cytoplasmic granules labeled by 
immunogold particles; other cellular components, e.g., structures indicated 
by arrows (mitochondria ?), are negative. EC, endothelial cells. LAA, lumen 
afferent arteriole. In Fig. 3 a juxtaglomerular cell (JGC) is situated 
between a distal tubule cell (DT) and an endothelial cell (EC). Note labeling 
of the cytoplasmic granules in JGC whereas the dark profiles (M, 
mitochondria) of the DT cell are negative. N, nucleus. Figs. 2 and 3 xl8,000. 
132 
. · - "Л : '·' *т '' '-' · 
133 
^ 
к
4
-
1
 JÊÊÎ <r ^ Ê * 
,
*·'·· 
» * • 
^ 4-
- * r x ^ : · 
> 
4C Ì 
13A 
(for a review see Freeman et al. 1984). 
The anatomical structure at the service of the RAS in mammals is the JG 
apparatus. Renin, which is the primary rate-limiting substance of the RAS, is 
stored in granules present in the vascular components of the JG apparatus 
(Tanaka et al. 1980; Taugner et al. 1982). 
There is evidence for the occurrence of all the components of the RAS is 
non-mammalian vertebrates (Wilson 1984), but their JG complexes are not as 
well developed as in mammals (Sokabe and Ogawa 1974). Thus, an extra-
glomerular mesangial region is lacking in all poikilothermous vertebrates. A 
macula densa is present in birds but absent in fishes and reptiles while its 
presence in amphibians is still a matter of discussion (for review see 
Nishimura 1980; Sokabe and Ogawa 1974). 
The most constant histological feature of the JG apparatus in lower 
vertebrates is the presence of granulated cells which are located at the 
hilus of the glomeruli or dispersely distributed along renal afferent 
arteries and arterioles. However, in agnathan and elasmobranch fishes 
(Nishimura et al. 1970; Oguri et al. 1970) and in the holostean fish 
Amia calva (Nishimura et al. 1973), such granulated cells have not been 
observed. In spite of this, it was found that kidney extracts of lamprey and 
dogfish (Henderson et al. 1981) and Amia (Nishimura et al. 1973) sean to 
contain a renal enzyme homologous with renin from mairamls indicating that the 
absence of granulated cells does not necessarily imply the lack of production 
of renin-like substances by kidney tissue. Conversely, it is not self-evident 
that granulated cells if present do store renin. As a matter of fact, in 
non-mammalian vertebrates the JG granules are not always distinctly 
secretory-like (Lamers et al. 1974) and not in all cases share the typical 
staining properties of granules storing renin in mammals (Lamers et al. 
1973). Therefore, the question whether in non-mammalian species JG granules 
Fig. 4. Ultrathin sections of Epon-embedded kidney of Bufo bufo. Figs. 4a and 
4b (an enlargement of the area outlined in 4a) are from a section etched by 
alcoholic sodium hydroxide and then stained by an immunogold procedure using 
an antiserum to renin. Fig. 4c is from an adjacent section neither etched nor 
treated for immunocytochemistry. Fig. 4a shows a low power electron 
micTOgraph of a granulated media cell (JGC) in an afferent arteriole. Note in 
Figs. 4b and 4c that immunogold particles (arrows) are confined to lamellated 
bodies in the cytoplasm whereas mitochondrial profiles (arrowheads) are 
negative. Inset of Fig. 4c shows lamellated juxtaglomerular granules as seen 
in a conventionally prepared section. N, nucleus. Fig. 4a x8,500; Fig. 4b and 
4c, x30,000. 
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play a role in the RAS can only be decided by the direct demonstration of 
renin in these structures. 
The present study showed that the characteristically lamellated JG granules 
of the amphibian Bufo bufo contain a substance cross-reacting with antibodies 
directed to renin isolated from the mouse submandibular gland. Interestingly, 
in contrast to the mouse, a more drastic treatment of toad kidney sections 
was required to expose a sufficient number of antigenic sites in order to 
obtain labeling of the granules. In spite of this, we conclude that renin or 
a renin-like substance is contained by the JG granules in the kidney of the 
toad Bufo bufo. As far as we know direct evidence for the presence of renin 
or a renin-like substance in JG granules of non-rrammal ian vertebrates has not 
been reported previously. 
Recently, by enzyme histochemical techniques applied on the light and 
electron microscopic levels it was shown that the JG granules of Bufo bufo 
possess a high acid phosphatase (AcP^ase) activity (Lamers and Stadhouders 
1985). Since AcP-ase is generally accepted as a marker of lysosomes (Holtzman 
1976) toad granules seem to be lysosomal in nature. The remarkable morphology 
of these granules and their precursors described previously (Lamers et al. 
1974) are in favour of this supposition. In mammals there is also evidence, 
in particular histochemical evidence, indicating a close association between 
JG granules and lysosomes (Eckert and Kunde 1974; Fischer 1966; Gomba and 
Soltész 1969; Lee et al. 1966; Matsuhashi et al. 1977; Soltész et al. 1979). 
Indications for a functional similarity of JG granules and lysosomes, 
however, is very scanty and the role of AcP-ase and other lysosomal enzymes 
in the mammalian JG granules is not clear. 
Since the JG granules of the toad kidney are indeed lysosomes, one might 
speculate about the biological processes they are regulating. They might play 
a role in the transformation of vascular smooth muscle cells into epitheloid 
granulated media cells during development as has been proposed for the 
mammalian JG granules by Gamba and Soltész (1969). However, since in the JG 
cells of the mouse autophagic activity could not be observed at any stage of 
development it is unlikely that such a function exists (Lamers, unpublished 
observations). Secondly, the lysosomal nature of the JG granules might 
provide a mechanism regulating the amount of renin stored. This assumption is 
based on descriptions concerning the intracellular degradation of newly 
synthesized secretory products notably prolactin by lysosomes (Farquhar et 
al. 1978; Shenai and Wallis 1979). Since in the toad the ultrastructural 
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features of the JG cells do not evoke the impression of very active secretory 
cells (Lamers et al. 1974) such a regulatory mechanism is unlikely either. 
As none of the above possible functions seem to occur we wish to propose that 
the JG granules in the toad and perhaps also in other non-mammlian as well 
as mammalian species are involved in the regulation of the number of 
>3-adrenergLc receptor sites on the surface of the JG cells. This hypothesis 
is based on the following considerations: 
1. In amphibians granulated media cells are intensively innervated (Lamers et 
al. 197Д) by adrenergic nerve fibres (Lamers et al. unpublished observations; 
Morris and Gibbons 1983) as are the JG cells of mammals (Barajas 1979; 
Torretti 1982). There is convincing evidence indicating that neural control 
of renin release in mammals is mediated by ^ a-adrenergic receptors present on 
the surface of the granulated media cells (Davis and Freeman 1976; Donald 
1979; Freeman and Davis 1977; Keeton and Campbell 1980; Taher et al. 1976). A 
similar mechanism seems to exist in amphibians (Corwin et al. 1984). 
2. Experiments on a number of different cell types showed that the numbers of 
receptor binding sites on the cell membranes decreases following intensive 
stimulation of & -adrenergic receptors by JB-receptor agonists (Chuang 1982, 
1984; Stadel et al. 1983; Waldo et al. 1983). According to Chuang (1984) this 
decrease is due to receptor internalization, i.e., uptake of receptor-ligand 
complexes into cytosolic vesicles or receptosomes. These receptosomes are 
then supposed to fuse with lysosomes after which the receptor-ligand 
complexes are degraded. The receptor molecules, however, remain intact and 
eventually transported back to the cell surface. 
3. The granulated media cells in amphibians show extensive morphological 
evidence of strong endocytotic activity in particular the cell surface which 
is directed towards the adventitia containing the axonal varicosities (Lamers 
et al. 1974). Several vesicular structures such as coated vesicles, endosomes 
and multivesicular bodies suggest a possible genesis of, at least part of the 
JG granules via an endocytotic route. 
If such a rebound process ( 'up regulation' ) operates in the JG cells of 
amphibians, a direct pathvray would exist between the lysosomes and the cell 
surface. One may speculate that such a pathvay also is involved in the 
extrusion to the extracellular space of lysosomal enzymes, as is for example 
suggested for fibroblasts in the secretion-recapture hypothesis of Neufeld et 
al. (1977) and its alternative versions (Von Figura and Weber 1978; for a 
recent review see: Szego and Pietras 1984). In this context it is of interest 
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to notice that renin is a hydrolytic enzyme with an acid pH optimum which 
shares structural features with the lysosomal enzyme cathepsin D (Figueiredo 
et al. 1983). 
It should be stressed of course that this hypothesis concerning the possible 
function of the JG granules in the toad is tentative and that further studies 
are needed for its support. The affirmation or denial of this hypothesis, 
however, will be of interest to understand aspects of evolution of the JG 
apparatus and of the relative importance of the various mechanisms 
responsible for the release of renin in the different classes of vertebrates. 
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VIII. CELLULAR CONTROL MECHANISMS INVOLVED IN RENIN RELEASE 
VIII.1. INTRODUCTION 
The epitheloid cells of the mammalian juxtaglomerular (JG) apparatus are 
usually considered to be modified vascular smooth muscle cells that have 
developed all the characteristics of typical secretory cells. This 
interpretation seems justified because the epitheloid cells are known to be 
the source of the 'hormone' renin and because they contain numerous 
membrane-bound granules, scattered throughout their cytoplasm. 
The presence of product storing organelles is indeed a frequent feature of 
secretory cells and secretory products within cytoplasmic granules have been 
isolated from almost every conceivable tissue, with steroids being the one 
notable exception. Purification of JG granules from kidney cortical 
homogenates has also been performed. This is rather difficult because of the 
large number of subcellular organelles arising from tubular structures. The 
results of such studies should therefore be interpreted with great reserve 
(cf. discussion chapter V). Nevertheless, studies utilizing gradient 
centrifugation techniques confirm that renin is stored in these JG granules, 
possibly in inactive form (24, 40, 44, 65). 
This chapter will briefly describe some basic features of the secretory 
process as extracted from the irassive amount of specialized information that 
presently exists on this subject (13, 30, 48). Special attention will be 
given to such aspects as membrane fusion and exocytosis and to the pivotal 
role of cytoplasmatic free calcium in the regulation of the functional 
activity of secretory cells. 
The survey will lead to the conclusion that JG epitheloid cells do not fit in 
the basic scheme for cellular secretion mechanisms. Therefore a speculative 
alternative view will be presented which takes as a starting point the 
lysosomal nature and function of the JG granules and which links the granules 
in a round-trip itinerary of recycling plasma membrane receptors. 
VIII.2. SOME GENERAL FEATURES OF THE SECRETORY PROCESS AND OF EXOCYTOSIS 
In some cells secretion occurs continously, while in others the secretory 
product accumulates in specialized secretory granules in the cytoplasm and is 
released in response to a specific stimulus. Exocytosis, defined as the 
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process whereby membrane-bound vesicles inside the cell fuse with the plasma 
membrane and release their contents into the external medium, was originally 
visualized in cells that form secretory granules. In particular the analysis 
of the secretory process in the pancreatic exocrine cells and the parotid 
gland cells, which produce large granules containing high concentrations of 
secretory enzymes, has helped to elucidate the intracellular route and the 
mode of release of the secretory products from the cells. The exocytotic 
pathway occurring in these cells is now known to be the general mode of 
release of secretory products from exocrine, endocrine (including neuro-endo-
crine) and immunoglobulin secretory cells. According to many it is also the 
mode of release of neurotransmitters in neurons. 
After synthesis on the ribosomes and their concomitant vectorial transport 
into the cistemae of the rough endoplasmic reticulum, the secretory proteins 
are transported into the membraneous sacculi of the Golgi-complex. At the 
trans or maturing face of the Golgi-complex concentration and packaging of 
the proteins into the secretory granules occurs. Upon appropriate stimulation 
of the secretory cells, the content of the storage granules is extruded in a 
rapid exocytotic event. 
The same exocytotic pathway as described here for secretory products is 
believed to be used for the delivery of intrinsic membrane proteins to the 
plasma membrane. 
The process of exocytosis is in fact a fusion-fission response involving the 
interaction of the secretory granule membrane and the cellular plasma 
membrane. Such a fusion of biological membranes evidently requires some 
special arrangements of the two membranes and their components. In membranes 
of usual complexity, this already implies that many factors will affect 
fusion: the cytoskeletal proteins that are attached to integral membrane 
proteins, the lipids (including their head groups), ions strongly binding to 
the membranes, the water between the membranes etc. However, few of these 
factors can be expected to be essential and particularly puzzling is the 
selectivity of only certain membranes to fuse rather than a generalized 
fusion of all cellular membranes. 
A major obstacle to the elucidation of the mechanisms of fusion and fission 
is that they are controlled by events occurring at the inner face of the 
plasma membrane, which is relatively inaccessible to experimental 
manipulation. The evidence available points to a critical role for both 
calcium and ATP. Without either of these two critical components, membrane 
fusion will not occur. 
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VIII.3. ROLE OF CALCIUM IN STIMULUS-SECREHON COUPLING 
Stimulus-secretion coupling consists of two major events; membrane excitation 
by the primary signal and the cellular events directly associated with the 
release process. Despite some variations from one organ to another - as 
related to the nature and the duration of the stimulus - a unity in the 
cellular mechanisms of secretion is beginning to emerge. There is ever 
growing evidence that the intracellular free calcium (Ca ) concentration 
mediates in the mechanism that governs the secretory process. An increase in 
the Ca concentration of all cells specialized for secretion inevitably 
leads to extrusion of secretory products. The only known exceptions to this 
apparent rule are the parathyroid gland cells and the renin-secreting JG 
cells (cf. chapter 1.4.5. ). The modulation of the level of cytoplasmic Ca 
represents the major, if not the only control mechanism governing the 
activity of secretory cells. Other factors, such as cyclic nucleotides or 
arachidonic acid metabolites not only depend upon calcium for their synthesis 
but may serve only as secundary adjuncts for the secretory process (cf. 52). 
The influx of Ca + + may be brought on by a transient increase in the Ca 
permeability of the plasma membrane which allows Ca to enter the cell down 
the steep concentration gradient that exists between the extracellular fluid 
and the cellular cytoplasm. In excitable cells voltage-dependent 'slow' Ca 
channels and in non-excitable cells receptor-operated channels may be 
involved. Calcium пну also be mobilized from the plasma membrane itself or 
from cellular stores such as the endoplasmic reticulum with the aid of 
intracellular mediators. 
Although a number of imaginative theories has been brought out, the cellular 
mechanisms of calcium action in initiating exocytosis are unkown. The studies 
of Lawson et al. (35, 36) on mast cells seem to indicate that Ca acts 
regionally to initiate a localized response in part of the cytoplasm and its 
overlying membrane. But it is uncertain whether this also applies to 
secretory cells polarly oriented in an epithelial lining. 
It has been argued that calcium ions can act on their own to induce membrane 
fusion within cells because liposomes consisting of phospholipids with 
v/hen marine vertebrates migrated onto the land, the evolution of the 
parathyroid gland accompanied the change from a high calcium environment to 
one in which calcium is in relative short supply. The parathyroid gland has 
no known tropic hormone, with the possible exception of /3-adrenergic 
agonists. The decrease in ionized plasma calcium is a direct stimulans to 
parathyroid hormone release. 
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negatively charged polar groups can be induced to fuse in the presence of 
Ca . Hovever, high Ca concentrations are required in such experiments and 
it is unlikely that the Ca levels within cells ever become that high. 
Whatever the molecular events in the action of Ca may be, recent evidence 
makes it likely that modulating Ca -binding proteins are crucially involved 
in secretory phenomena. 
In particular calmodulin, a ubiquitous Ca -binding protein, seems to be the 
mediator generally involved in the secretory events, whether or not in 
association with cation-stimulated ATPases and protein-kinases, activation of 
contractile proteins and elements of the cyclic nucleotide and/or arachidonic 
acid metabolism. 
DeLorenzo and coworkers, studying the fusion of synaptic vesicles to synaptic 
membranes during neurotransmitter release, were able to demonstrate that both 
calcium and calmodulin are necesarry for vesicle-vesicle as well as 
vesicle-plasma membrane interactions (4, 6, 7). 
In the pancreatic /з-cell, where cyclic AMP is an inportant modulator of 
glucose-induced insulin-secretion, calcium alone decreases adenylate cyclase 
activity in islet homogenates, but together with calmodulin it increases 
enzyme activity (59). The antipsychotic drug trifluoperazine (TFP) which 
strongly binds to calmodulin, impairs glucose- and potassium-induced insulin 
secretion (33, 58, 61, 64, 68). 
TFP and/or other phenothiazines also inhibit the secretory activities of 
polymorphonuclear leukocytes (10), neutrophils (45), mast cells (8), 
platelets (69), adrenal medullary cells (1), pituitary cells (15) and 
pancreatic exocrine cells (25). 
Calmodulin antagonists also inhibit the release of the content of the 
secretory organelles (trichocysts) in the protozoan Paramecium (18, 32). 
Strong indication for a direct involvement of calmodulin in membrane fusion 
and exocytosis came from the study of Steinhard and Alderton (62) who 
analyzed the cortical reaction of sea urchin eggs during fertilization. These 
authors used calmodulin antibodies and indirect immunofluorescent 
localization methods to demonstrate that calmodulin is bound to the inside 
surface of the plasma membrane and is integrally involved in exocytosis of 
the cortical granules, conferring the high sensitivity of calcium on the 
exocytotic process. 
From the evidence briefly summarized here, many investigators conclude that 
in most secretory cells exocytosis is triggered by increased Ca-calmodulin 
action rather than by increased Ca + + per se. 
148 
With regard to the renin-secretory activity of juxtaglomerular cells the 
interesting question arises if Ca-calmodulin really is the mediator in the 
secretory process. As elucidated in chapter 1.4.5., the renin secretory 
activity in these cells is inversely related to intracellular Ca 
concentration. If calmodulin acts as the Ca-receptor in this process, 
blocking of this receptor-protein with TFP might be expected to stimulate 
renin secretion. 
Fray et al. (16) used isolated perfused rat kidneys to study the effect of 
TFP and did find that basal renin secretion was stimulated in a 
dose-dependent manner. Similar observations were made by Matsumura et al. 
(42, 43), who examined rat kidney cortical slices and the calmodulin-anta-
gonist W-7, as well as by Kawamura and Inagami (31), who studied isolated rat 
glomeruli and three different calmodulin antagonists. Churchill and Churchill 
(5) also studied the effect of TFP on the renin-secretory activity of JG 
cells in rat kidney slices and found that renin secretion was stimulated in a 
concentration-dependent manner. All these authors conclude that the 
calmodulin inhibitors stimulate renin secretion by a cellular mechanism at 
the level of the juxtaglomerular cells and suggest that the role of the 
inhibitor - and by inference of calmodulin - is quite different from its role 
in the exocytotic mechanisms by which most other secretory substances are 
released. 
The present evidence regarding the effects of intracellular Ca 
concentrations (and calcium-calmodulin activity) on renin secretion clearly 
points to some fundamental differences between JG cells and the majority of 
granule-containing secretory cells or tissues. In the next paragraph the JG 
cells will be considered with respect to morphological evidence for extrusion 
of renin from the renin storing cytoplasmic granules. 
VIII.4. EXOCYTOSIS IN JUXTAGLOMERULAR EPIIHELOID CELLS 
There have been remarkably few descriptions of the morphology of renin 
secretion from juxtaglomerular epitheloid cells. This may be due to the 
laboriousness of the search for granulated epitheloid cells in ultrathin 
sections of kidney tissue. Another reason may be that morphological 
expression of exocytosis, may be difficult to visualize because the secretory 
process itself is transient. 
Another possibility of course is that the delivery of renin from the storage 
granules of the JG epitheloid cells does not follow the well-known exocytotic 
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pathway of granule containing secretory cells. 
In a recent study, particularly aimed at the elucidation of the 
ultrastructural changes in the sheep JG cell in response to sodium depletion 
or loading, Hill et al. (27) did not find convincing evidence of granule 
exocytosls: 'It is likely that for more ready detection of such exocytosis, 
stimuli associated with more acute and severe renin release need to be 
examined'. 
Earlier, Peter (50) observed long, channel-like plasmalemmal invaginations 
into the interior of myoepithelial cells in adrenalectomized rats. Peter 
supposes that renin secretion represents an unusual type of exocytosis, with 
the plasmalemma invaginations ultimately gaining access to the granule, thus 
providing increased sites for extrusion, instead of the granules moving 
towards the cell surface prior to release. Similar observations were made by 
Ryan et al. (54), using experimental models of acute renal failure in rats. 
According to these authors, the incidence of the invaginations increases 
during stimulus induced degranulation and decreases during regranulation of 
the epitheloid cells. Neither study, however, provided convincing evidence of 
granule exocytosis into the channel-like plasma membrane invagination. In our 
opinion it is questionable whether the clefts are formed in relation with 
renin secretion and exocytosis, because the clefts in the pictures presented 
in these publications often contain basal lamina-like material. In addition, 
similar clefts have been found in extraglomerular mesangial cells and smooth 
muscle cells not containing renin granules (29). 
Recently, Taugner et al. (66) used thin sectioning and freeze-fracture 
techniques to study ultrastructural changes associated with renin secretion 
from epitheloid cells of normal, sodium depleted and adrenalectomized mice in 
which renin secretion was stimulated by furosemide application and bleeding. 
The authors claim to have demonstrated that 'exocytosis of mature electron 
dense granules was found in all experimental groups', although they also 
remark that 'additional events' were observed by which active and inactive 
renin may be released. The authors base their statenent on the observation 
that only very small contact areas between the plasmalemma and the membrane 
of the renin granules were found. They admit however, that no extensive sites 
of fusion between the plasma membrane of the epitheloid cells and the outer 
membrane of mature granules as an initial step of granule extrusion occur. 
According to the authors, the granule core before extrusion is altered 
locally in different ways by the formation of vesiculo-granular inclusions 
and sheets of membrane-like material, which produced small bulges in the 
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Table 1. Histochemistry of lysosomal 
epitheloid cells 
Enzyme 
AcPase 
AcPase 
AcPase 
AcPase 
AcPase 
AcPase 
AcPase 
/3 -glucuronidase 
Arylsulphatase 
AcPase 
AcPase 
AcPase 
Arylsulphatase 
N-acetyl·-/^ -
glucosaminidase 
AcPase 
Species 
rabbit, rat, mouse 
rat, man 
mouse 
mouse 
rat, mouse, man 
monkey 
mouse 
mouse 
mouse 
rat 
rat 
mouse 
mouse 
mouse 
mouse, rat 
enzymes in mammalian juxtaglomerular 
Source (Nr) 
Ruyter 1964 (53) 
Fisher 1966 (14) 
Lee et al. 1966 (37) 
Gomba et al. 1967 (19) 
Gomba et al. 1967 (21) 
Rosen & Tisher 1968 (51) 
Gomba & Soltész 1969 (20) 
η U fi ti 
Gomba et al. 1970 (22) 
Krompecher-Kiss et al.1971 (34) 
Eckert & Kunde 1974 ( 9) 
Matsuhashi et al. 1977 (41) 
Soltész et al. 1979 (60) 
Taugner et al. 1985 (67) 
granule membranes. No pictures of unaltered electron dense granule content 
lying free in the extracellular space are presented in this extensively 
illustrated study. Since, moreover, the formerly amorphous granule matrix 
needs transformation or rearrangement before extrusion, one must conclude 
that the process of exocytosis of the renin granules proceeds in a way quite 
different from the way in which all other secretory granule containing 
exocrine and endocrine cells extrude their secretory products. 
VIII.5. EXOCYTOSIS OF RENIN AS AN ADJUNCT TO β-RECEPTOR-MEDIATED ENDOCYTOSIS 
AND RECEPTOR RECYCLING? 
The evidence briefly reviewed in the preceding sections of this chapter 
suggests that the cellular mechanisms which control renin secretion by the JG 
epitheloid cells are distinctly different from those which govern granular 
exocytosis in most of other secretory tissues (cf. Fig. 1). In our opinion 
this difference is in all likelihood related to differences that exist in 
biogenesis and nature between the JG granules and the secretory granules of 
most secretory cells. 
As regards the renin-containing JG granules of the toad Bufo bufo we were 
able to demonstrate that they are of lysosomal origin and nature (cf. chapter 
III, V). It also applies to the mammalian JG apparatus that there are several 
indications for a distinct relationship between the epitheloid granules and 
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lysosomes. Acid phosphatase (AcPase) activity within mammalian epitheloid 
cells was originally found by Ruyter (53). Later, a number of authors have 
shown that AcPase occurs in JG cellular organelles that are indistinguishable 
from epitheloid secretory granules. Besides AcPase, a number of other enzymes 
such as β -glucuronidase, N-acetyl-^-glucosaminidase and arylsulfatase, which 
are characteristically present in lysosomes, have been demonstrated in JG 
epitheloid cells; see table I for a complete survey of histochemical 
evidence for lysosomal enzymes in mammalian JG cells (cf. also introduction 
to chapter V). Recently, Taugner et al. (67) were able to demonstrate that 
the mice renin granules have autophagic capabilities (as have those of 
Bufo bufo; cf. chapter III) and that they react to the application of 
lipidosis-inducing lysosomotrophic substances by the gradual accumulation of 
polar lipids. 
Based on the evidence presented above, it seems justified to conclude that 
also in mammals the renin-containing granules of epitheloid cells exhibit 
properties which in this particular combination are expressed only by 
lysosomes. 
With regard to the presence of hydrolytic enzymes in the epitheloid cell 
granules several functional implications may be considered. Some of the 
suggestions made in literature have already been discussed in chapter V. 
In view of the fact that the acidic hydrolases seem to be constitutive 
components of the JG granules, it is highly unlikely that the presence of the 
hydrolytic enzymes must be interpreted as being due to careless sorting of 
synthesized proteins (67). 
Another possibility is that the activity of (non-specific) hydrolysis 
provides a mechanism by which the overall quantity of secretory product 
available for exocytosis may be continously controlled at the stage of 
intracellular storage. However, the presence of AcPase within secretory 
granules is not compatible with the localization of this enzyme in most of 
other secretory cells. 
Oliver (47) has considered the possibility that lysosomal enzymes in 
secretory granules may be involved in specific posttranslational 
modifications, as for example in the conversion of pro-proteins into 
secretory products. For the JG epitheloid cells this would imply that 
inactive renin is continuously being cleaved into the active form present 
within the mature JG granules. There is indeed some experimental evidence 
which might be taken to indicate that the conversion of inactive, high 
molecular weight renin is accomplished within mature renin storing granules. 
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Galen et al. (17) found that cultured cells fron a renin-producing tumor 
became progressively unable to process inactive pro-renin into active renin; 
concomitantly they lost the ability to store the renin within granules. 
Eventually, the cultured cells no longer contained secretory granules and 
released only high molecular weight inactive pro-renin into the medium. 
A problem which remains when we opt for this interpretation to explain the 
function of hydrolytic епгутез in JG granules is that it is difficult to 
imagine how such a function can be subject to the modulation required for a 
rapid adjustment of the proportion of active to inactive renin. Moreover, 
such a mechanism nust be supposed to require the presence of only one or a 
few relatively specific hydrolytic enzymes instead of a number of common and 
aspecific hydrolazes. In addition, the overall 'deviating' behaviour of the 
renin secretory granules concerning their response to changing intracellular 
Ca concentrations remains unexplained. 
In our opinion none of the suppositions reported above can provide a 
satisfactory explanation for the presence and function of a variety of 
lysosomal enzymes in the JG renin storing granules. Therefore we put forward 
another hypothetic view on the origing and function of JG epitheloid granules 
and on the exocytotlc pathway during renin release, which is schematically 
illustrated in Fig. 1 (see also discussion of chapter VII). In this view the 
biogenesis and the function of JG epitheloid granules is essentially related 
to a process of receptor-mediated endocytosis and receptor recycling. 
In the following exposition we intend to give a brief outline of recent views 
on membrane dynamics and we will also give some further thoughts to the 
supposition presented above. 
A major development during the past few years is the realization that such 
diverse cell processes as protein secretion, production of lysosomal enzymes, 
exocytosis, endocytosis and the biogenesis of membrane constituents are 
mediated by an extensive traffic of membrane components in cells. It became 
evident that the cell handles the vesicular containers used in these activi­
ties very economically by reutilizing or recycling them rather than 
synthesizing them anew. 
Recent reviews on the dynamics of biological membranes are given by a number 
of authors (11, 12, 28, 70). A familiar route of membrane traffic is the one 
involved in the release of secretory products and intrinsic membrane 
proteins; see Fig. 1, left side. In this route the fusion of secretory 
granule membranes with the plasmalemma is counteracted by a plasma-
lenma-to-Golgi route, aimed at the retrieval and recycling of the secretory 
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Fig. 1. Diagram schematically illustrating two major pathways of exocytosis 
and endocytosis in animal cells. Left: the secretory pathway as occurring in 
virtually all granule containing secretory cells. Right: the endocytotic 
pathways as occurring in receptor-mediated endocytosis and receptor re­
cycling. Renin containing juxtaglomerular granules are supposed to be related 
to the latter pathway. 
granule membranes. Another familiar route of membrane traffic is the 
phagocytotic one from the plasmalemra to the lysosomes (not illustrated in 
Fig. 1). In this route the content of the endocytotic vesicle is delivered to 
the lysosomes and degraded to its constituent molecules. Here also the bulk 
of the membrane material appears to return to the cell surface and to be 
reutilized or recycled (57, 63). 
An endocytotic but non-phagocytotic route which has currently received much 
attention because of its great biological interest, is depicted in Fig. 1, 
right side. It has been shown in the past few years that a number of 
physiologically important signal proteins and peptides become bound to 
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specific-receptors on the plasma membrane and are subsequently internalized 
by concentration in so-called 'coated pits' and 'coated vesicles'. This 
process by which selected extracellular ligands are rapidly internalized by 
the cell is generally termed 'receptor-mediated endocytosis'. Examples of 
ligands which are internalized by receptor-mediated endocytosis are: low 
density lipoprotein (LDL), a number of peptide hormones (insulin, epiderrral 
growth factor, nerve growth factor, prolactin), the transport protein 
transferrin, the plasma proteinot-2-rmcroglobulin etc. (3, 23). 
Re-internalization of secreted lysosomal enzymes also occurs via this route 
(cf. secretion-recapture hypothesis, 46). Receptor-mediated endocytosis is 
also used as a means of entry of some viruses and toxins into the cell. Much 
evidence regarding the biochemical mechanisms of receptor-mediated 
endocytosis has been deduced from experiments studying the uptake of LDL part 
icles. In the majority of cases studied so far the internalized ligand has 
been shown to be delivered to lysosomes, but delivery to other destinations 
(such as the Golgi-complex) has also been demonstrated. Internalization in 
receptor-mediated endocytosis is highly efficient (LDL internalization is 
complete within 10 min of binding), which is due to the segregation of the 
bound ligands in defined regions of the plasma membrane where endocytosis is 
taking place. The indentations of the plasma membrane are called 'coated 
pits' because of the presence of a coat of material on the cytoplasmic side . 
This coat is composed of a number of proteins, the principal component being 
the protein clathrin. Once the vesicles derived from the pits, have entered 
the cytoplasm, the clathrin dissociates and a smooth vesicle arises. 
Considerable evidence has been obtained that these smooth vesicles fuse with 
a pre-lysosomal compartment prior to delivery of the internalized ligand to 
the lysosomes. There is now sufficient morphological and biochemical evidence 
to accept the existence of a distinctive intermediate pre-lysosomal organel, 
usually called 'receptosome' but sometimes also 'endosóme' or 'sorting 
vesicle'. A characteristic morphological feature of these receptosomes is 
that they appear to have an empty appearance with only sane intraluminal 
vesicular profiles and usually show fuzzy plaque-like decoration on a 
Coated vesicles are not only seen at the cell surface, they are also 
observed in the region of the Golgi^apparatus where they are involved in a 
number of transport operations: secretory products from ER to Golgi; 
lysosomal enzymes from Golgi to lysosomes; plasma membrane components from 
Golgi to cell surface; recovery of membranes from cells surface and 
transcellular transport. 
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straightened edge of their cytoplasmic surface ('partially coated vesicles', 
cf. chapter III, Figs. 4 and 5). Considerable information now enables us to 
identify the receptosomes as the compartment within which the ligands 
dissociate from their receptors. A possible explanation for the mechanism 
responsible for this dissociation has been provided by the finding that this 
pre-lysosomal compartment (which lacks acid phosphatase and arylsulfatase) 
has a low pH (+ 5.0). The low pH would facilitate dissociation of many 
ligands from their receptor because a number of ligands have been shown to 
dissociate themselves from their receptors quite rapidly when the pH drops 
below 5.5. After their dissociation in the receptosomes, the ligands and 
receptors may follow different routes. It is frequently assumed that the 
receptors, being integral membrane proteins, by-pass the lysosomes and return 
directly (via pinching-off shuttle vesicles) to the plasma membrane. However, 
there are also indications that receptors may attach to trans-membranes of 
the Golgi-complex (not shown in Fig. 1) before they are shuttled to the 
plasma membrane. If any receptors should fail to leave the receptosomes 
before the receptosomes fuse with the lysosomes these receptors might recycle 
directly from the lysosomes to the cell surface. Such a process might occur 
with concomitant transport of 'contaminating' lysosomal enzymes. The reader 
is referred to the following reviews on receptor-mediated endocytosis and 
receptor recycling for full informations about current views and remaining 
uncertainties (3, 23, 26, 38, 49). 
Most of the considerations which have led us to suggest the involvement of 
the amphibian JG granules in receptor-mediated endocytosis have already been 
presented in the discussion of chapter VII. They need not to be repeated 
here. Only some additional notes will be made here. 
1. The characteristic morphology of receptosomes was not recognized in our 
earlier studies. Structures, now to be identified as receptosomes (chapter 
III, Figs. 4, 5) were identified as other organelles, mostly pro-granule 
stages. A special form of pro-granules which contain many small vesicular 
structures were interpreted as representing 'multivescicular bodies'. 
However, although these multivesicular bodies resemble receptosomes, it is 
now known that these structures contain lysosomal enzymes. In our more recent 
electronmicroscopic studies on acid phosphatase activity in JG cells of 
Bufo bufo we were never able to demonstrate this enzyme activity in these 
so-called multivesicular bodies. This forces us to conclude that the 
structures, which had been regarded as pro-granule stages, in fact represent 
receptosomes involved in endocytotic activities. 
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2. The numerous small surface membrane invaginations present at the 
adventitial side of the Bufo bufo JG cells (cf. chapter III, Figs. 3, 12) 
were at that time taken to represent pinocytotic vesicles. There is little 
doubt that according to recent views, they have to be taken to be 'coated 
pits'. Nevertheless the fact that these plasma membrane associated vesicles 
were almost exclusively located at the adventitial side of the JG cells and 
facing the varicosities of the non-myelinated nerve fibre, led us to 
speculate about their function in the transport of a substance originating in 
the neighbouring nerves. 
3. The concept of the biogenesis and function of the JG granules as being 
related to a process of receptor-mediated endocytosis and receptor recycling, 
also forces us to reconsider the question whether the JG cell is an 
exceptional case among the secretory cells as far as the relation between the 
secretion of renin on the cytoplasmic Ca concentration and the Ca-cal-
modulin activity is considered. 
Of particular inportance in this respect is the fact that there is growing 
evidence that calrrodulin is directly involved in the process of 
receptor-mediated endocytosis. Early evidence for the involvement of 
calmodulin in regulating coated vesicle function came from the observation 
that the number of coated pits at the cell surface increases in the presence 
of calmodulin antagonists. Linden et al. (39) isolated coated vesicles from 
brain tissue and could demonstrate that calmodulin is a component of highly 
purified coated vesicles. Recently, Van Berkel et al. (2) have demonstrated 
that trifluoperazine (TFP) blocks the internalization of LDL by 
non-parenchymal liver cells. Studying hunan lymphoblastoid cells and ligand 
challenging by concanavaline A, Salisbury et al. (cited after: 56) reported 
that in the presence of TFP the 1 igand-receptor complexes do cluster and 
redistribute into a cap, but that they remain at the cell surface and are not 
internalized along the coated vesicle pathway. The same authors (55) used an 
antibody against calmodulin to demonstrate that calmodulin redistributes from 
an initially diffuse cytoplasmic localization to sites of ligand-stimulated, 
receptor-mediated endocytosis. They found that this redistribution was 
blocked when calmodulin antagonizing drugs were used. Furthermore they 
demonstrated that the calmodulin redistribution to sites of coated vesicle 
formation is dependent on free Ca in the external medium and is not 
sensitive to treatments that perturb the actin-based cytoskeletal elanents. 
This latter observation is of importance because it demonstrates that 
calmodulin antagonizing drugs block the ligand internalization by a mechanism 
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that is largely independent of the actin-based microfilaments of the cell. 
On the basis of this evidence it seems likely that calmodulin plays a crucial 
role in receptor-mediated endocytosis, a finding which is of particular 
importance since 1igand-receptor clusters are sites of local transient 
calcium-fluxes across the plasma membrane (52, 55). 
In this context we again refer to the study of Churchill and Churchill (5) on 
the effect of TFP on renin secretion. As cited above, these authors made the 
observation that TFP stimulates renin secretion in a concentration dependent 
manner, which is consistent with an inverse relation between Ca-calmodulin 
activity and renin secretion. However, these authors also made the 
interesting observation that in the presence of TFP isoproterenol still sti­
mulated renin secretion and also that various other factors (angiotensin II, 
antidiuretic hormone, high extracellular К concentration, ouabain and 
vanadate) still can inhibit renin release. Assuming that these stimulatory 
and inhibitory effects are associated with decreased and increased intra­
cellular Ca respectively, these observations seem inconsistent with the 
hypothesis that the effects of Ca on renin secretion are mediated by 
changes in Ca-calmodulin activity. As the authors argue, increases in Ca 
promote rather than attenuate the binding of TFP to calmodulin. Churchill and 
Churchill (5) therefore conclude that TFP-stimulated renin secretion is 
mediated by a decrease in intracellular free calcium, produced either by 
inhibition of the Ca influx or a stimulation of the Ca+ efflux (and/or 
sequestration). 
If our hypothetical view concerning origin and function of JG granules proves 
to be true the first of these two alternatives seems plausible in view of the 
blocking effects of TFP on receptor internalization. In fact we take the 
findings of Churchill and Churchill (5) as supporting our hypothesis. 
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SUMMARY 
This thesis presents the results of a descriptive histological investigation 
of the so-called juxtaglomerular apparatus in a representative of the class 
of amphibians. In mammals, the juxtaglomerular apparatus plays an important 
role in the water and salt metabolism and in the regulation of the blood 
pressure. In spite of extensive research on the structure and function of the 
juxtaglomerular apparatus a number of aspects are still incompletely 
understood. Among others this concerns the role and the mode of functioning 
of the so-called macula densa as a chemoreceptor and the actual mechanism of 
the so-called baroreceptor. Also the cellular aspects, in this case the mode 
of release of the hormone renin are a matter of dispute. 
The aim of this study has been to investigate the structural characteristics 
of the juxtaglomerular apparatus in a lower vertebrate, assuming that some 
structural/functional relationships are more obvious in primitive animals and 
yet are fundamental to the lives of all vertebrates. 
It was decided to examine a representative of the class of amphibians because 
in the evolution of the vertebrates, amphibians were the first to conquer the 
land. Despite their terrestrial life these animals remain strongly dependent 
on water; during their development amphibian larvae are 'aquatic animals' who 
after metamorphosis move onto the land. Their skin remains very permeable to 
water, with the consequence that the amphibians have to live throughout their 
life in a vet environment. It is to be expected that in these animals the 
endocrine systems, which are involved in osmoregulation, are developed in a 
characteristic way. The investigations were carried out with the common toad 
Bufo bufo as the experimental animal. 
Chapter I presents a short description of the renin-angiotensin syston in 
mammals. Intrarenal renin is synthesized in the modified smooth muscle cells 
(or juxtaglomerular epitheloid cells), present in the afferent arteriole of 
the glomerulus. Renin is a hydrolytic enzyme which cleaves a decapeptide 
called angiotensin I from the renin substrate (angiotensinogen) that 
circulates in the blood plasma. Angiotensin I is transformed by the 
'converting enzyme' into angiotensin II, which is a potent vasoconstrictor 
and also stimulates the secretion of aldosterone from the adrenal gland. 
The anatomical unit at the service of the renin-angiotensin system is the 
juxtaglomerular apparatus. This complex is composed of four sub-units: (a) 
the juxtaglomerular cells which are modified smooth muscle cells, having a 
granular cytoplasmic content, (b) a macula densa, consisting of a group of 
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specialized cells in the epithelial lining of the distal tubule, (c) a group 
of extraglomerular mesarigial cells, present at the vascular pole of the 
glomerulus and (d) so-called peripolar cells, situated in the urinary space 
at the site where the glomerulus is continuous with Bowran's capsule. A brief 
description of the factors which are of importance in the regulation of renin 
release is given. Also the cellular mechanisms which are involved in 
stimulation or inhibition of renin release are briefly described. The 
available data can be brought together, in what is called the stretch 
receptor hypothesis, with as the central factor the regulation of the flux of 
calcium ions through the juxtaglomerular cell membrane. 
Chapter I ends with an survey of the available information concerning the 
presence of a renin-angiotensin system in the non-mammalian vertebrates. This 
information is related to the data - as far as available - concerning the 
presence of the various components of the juxtaglomerular apparatus in the 
different classes of vertebrates. It appears that the lower the animal 
species are classified on the evolutionary tree, the less pronounced the 
juxtaglomerular apparatus is developed. 
Chapter II describes the results of a light microscopic investigation in 
which among others a three-dimensional reconstruction of the juxtaglomerular 
apparatus of the toad Bufo bufo, is presented based on serial sections. It 
appears that also in the toad the distal tubule returns to its parent 
glomerulus. However, the way in which the tubule contacts the vascular pole 
is different from that found in mammals. The distal tubule folds around the 
afferent arteriole over a considerable distance. The epithelial lining of 
this part of the distal tubule is not uniform over its entire circumference. 
The tubular epithelium bordering upon the blood vessel demonstrates a certain 
'concentration' of cells which can be interpreted as indicative for the 
presence of a macula densa. However, compared with the situation in mammals, 
the contact-zone between the distal tubule and the vas afferens is large, 
which would imply that the toad possesses a very extensive macula 
densa-region. Granulated cells are found dispersed over the whole length of 
the afferent arteriole (cf. also results of chapter VI). Extraglomerular 
mesangial cells are not present in the kidney of the toad. 
Chapter III describes the ultrastructural characteristics of the various 
conponents of the juxtaglomerular apparatus in Bufo bufo. It appears that the 
granulated epitheloid cells hardly demonstrate features of active secretory 
cells. An extensive rough endoplasmic reticulum is lacking and also the 
Golgi-complex is poorly developed in these cells. The numerous granules 
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demonstrate a polymorphic appearance albeit that the content often demon-
strates a lamellated pattern. Based on their morphological appearance, the 
granules are rather to be considered as lysosomal structures than as secre-
tory granules. Also the profiles which are considered to represent stages in 
the biogenesis of the granules suggest a lysosomal nature. In this respect 
the occurrence of numerous endocytotic vesicles on the adventitia side of the 
epitheloid cells, lying opposite the numerous varicosities of the axons is of 
importance. The cells present in the macula densa-like epithelial lining of 
the distal tubule show features deviating from the typical macula densa cells 
of mammalian kidneys. This concerns, in particular, the location of the 
Golgi-complex in and the mode of contact between these cells. 
An important histochemical characteristic of the macula densa cells in 
mamirals is their elevated activity of the cytoplasmic enzyme glucose-6-phos-
phate dehydrogenase. For this reason a comparable study was carried out on 
Bufo bufo (chapter IV). It appears that the presumed macula densa cells 
derronstrate a slightly elevated glucose-6-phosphate dehydrogenase activity. 
However, this finding is not interpreted as a specific feature of these cells 
but as indicating a relative paucity in cytoplasmic organelles; i.e. a low 
'volume-density' of the mitochondrial compartment. 
Chapter V describes the results of a light- and electron microscopic-cyto-
chemical investigation of the activity of the enzyme acid phosphatase, which 
is considered a marker-enzyme for lysosomes. It appears that all the 
characteristic granules of the epitheloid cells in the wall of the afferent 
arteriole possess a strong acid phosphatase activity and consequently must be 
considered to be lysosomal in nature. This finding is discussed in relation 
with the findings from biochemical studies on juxtaglomerular granules of 
mammals. 
Chapter VI describes the results of a study ascertain question whether the 
specific juxtaglomerular granules in Bufo bufo contain the enzyme renin. Use 
was made of an antiserum against highly purified renin A, isolated from the 
mouse sutmandibular gland. Both with irmunofluorescence and immunoperoxidase 
techniques it could be demonstrated that the media cells in the afferent 
arteriole as well as those of the larger arteries contain a substance which 
cross-reacts with the renin-antibody. It is therefore concluded that the 
epitheloid cells of the toad store renin or a renin-like substance. 
In chapter VII imnunogold staining methods have been used to establish the 
subcellular location of renin. It appears that only the specific juxta-
glomerular granules can be immunogold-stained. From this it follows that 
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renin is present in the granules which also contain the enzyme acid 
phosphatase. The conclusion is dravm that the renin-containing granules in 
the toad Bufo bufo are not secretory but lysosomal in nature. 
From literature concerning the cellular mechanisms which govern renin 
release, it follows that they deviate from those which control exocytosis 
activity in typical secretory cells. In all exocrine and endocrine cells the 
secretory activity is stimulated by an increase of cytoplasmic free calcium. 
For renin containing juxtaglomerular cells the opposite is true: an elevation 
of the cytoplasmic free calcium inhibits renin release. In the final chapter 
(chapter VIII) this difference is discussed in the light of the established 
cytological origin of the renin-containing granules in the toad. In order to 
explain the difference, a hypothetical view is introduced, in which the 
formation of juxtaglomerular granules and the secretion of the enzyme renin 
is associated with a process of 'receptor-mediated' endocytosis, followed by 
recycling of these receptors. 
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SAMENVATTING 
Dit proefschrift vermeldt de resultaten van een beschrijvend-histologisch 
onderzoek aan het zgn. juxtaglomerulaire apparaat van een vertegenwoordiger 
van de klasse der amfibieën. Het juxtaglomerulaire apparaat speelt bij 
zoogdieren een belangrijke rol in de water- en zouthuishouding en in de 
regulatie van de bloeddruk. Ondanks zeer uitgebreid onderzoek zijn een aantal 
aspekten van het juxtaglomerulaire apparaat nog onvoldoende bekend. Dit 
betreft niet alleen de rol en de werking van de zgn. macula densa als 
chemoreceptor en het feitelijke werkingsmechanisme van de zgn. baroreceptor: 
maar ook de cellulaire aspekten van stapeling en de sekretie van het 
'hormoon' renine. 
Doel van deze studie was de strukturele kenmerken van het juxtaglomerulaire 
apparaat van een lager vertebraat te onderzoeken, waarbij er van is uitgegaan 
dat sonnige strukturele/funktionele relaties meer in het oog springen in 
lagere dieren, terwijl ze niettanin van fundamenteel belang zijn voor het leven 
van alle vertebraten. 
In dit onderzoek werd gekozen voor de bestudering van een vertegenwoordiger 
uit de klasse der amfibieën omdat tijdens de evolutie van de gewervelde dieren 
deze als eersten het land als habitat veroverden. Ondanks dit 'land-leven' 
zijn amfibieën nog sterk afhankelijk van het water; tijdens hun ontwikkeling zijn 
amfibieën 'waterdieren' die pas na de metamorfose het land betreden. Ook 
daarna blijft de huid van de amfibieën sterk permeabel voor water, hetgeen 
impliceert dat de dieren op een vochtig milieu zijn aangewezen. Het is te 
verwachten dat in deze diergroep de endocriene systemen, die betrokken zijn bij 
de osmoregulatie, op een bijzondere wijze zijn ontwikkeld. Het onderzoek werd 
uitgevoerd met de in Nederland algemeen voorkomende pad 'Bufo bufo' als 
proefdier. 
Als eerste wordt in hoofdstuk I een korte beschrijving gegeven van het zgn. 
renine-angiotensine systeem bij zoogdieren. Het intra-renale renine wordt 
gemaakt in gemodificeerde gladde spiercellen, de zgn. juxtaglomerulaire 
epithelioïde cellen, die gelegen zijn in de wand van de afferente arteriool 
van de glomerulus. Dit renine is een hydrolytisch werkend enzym dat van het 
in het bloedplasma aanwezige renine-substraat (angiotensinogeen) een 
dekapeptide afsplitst: het angiotensine I. Deze stof wordt door het 
'converting enzyme' omgezet in angiotensine II dat een sterk vaso-
konstriktoire werking heeft en bovendien de sekretie van aldosteron uit de 
bijnier stimuleert. 
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De anatomische struktuur ten dienste van het renine-angiotensine systeem is 
het juxtaglomerulaire apparaat. Tot dit komplex worden een viertal 
komponenten gerekend; te weten (a) de gemodificeerde gladde spiercellen met 
hun granulaire inhoud gelegen in de wand van de afferente arteriool; (b) de 
macula densa, bestaande uit een groepje gespecialiseerde cellen in de 
epitheelbekleding van de distale tubulus; (c) een groepje extra-glomerulaire 
mesangium cellen, gelegen aan de vaatpool van de glomerulus en (d) de zgn. 
peripolaire cellen, gelegen op de overgangsplaats van de glomerulus en het 
kapsel van Bowman (derhalve gelegen in de Bowman'se ruimte). 
Na een beschrijving van de faktoren die van belang zijn voor de regeling van de 
renine-afgifte wordt ingegaan op de cellulaire mechanismen die de afgifte van 
renine blijken te stimuleren, respektievelijk af te rennen. De beschikbare 
gegevens kunnen op zinvolle wijze onder een noemer gebracht worden in de zgn. 
stretch receptor hypothese met als centraal moment daarin de koncentratie van 
Ca in de juxtaglomerulaire cellen, respektievelijk de regeling van de flux 
van calcium-ionen door de plasmamembraan van deze cellen. 
In hoofdstuk I wordt ook een overzicht gegeven van de beschikbare informatie 
betreffende het voorkomen van een renine-angiotensine systeem bij de 
vertebraten, met uitzondering van de zoogdieren. Deze gegevens worden 
vervolgens in verband gebracht met gegevens - voor zover bekend - betreffende 
het voorkomen van de verschillende komponenten van het juxtaglomerulaire 
apparaat in diverse klassen van vertebraten. Hierbij blijkt dat hoe lager de 
diergroep op de ladder van de evolutie staat, hoe minder kompakt het 
juxtaglomerulaire apparaat is gebouvd, respektievelijk hoe minder duidelijk de 
verschillende komponenten van dit juxtaglomerulaire apparaat zijn ontwikkeld. 
Hoofdstuk II beschrijft de resultaten van een lichtmikroskopisch onderzoek. 
Hierin wordt onder meer een op basis van serie-coupes verkregen 
drie-dimensionele rekonstruktie van het juxtaglomerulaire apparaat van de pad 
Bufo bufo gepresenteerd. Het blijkt dat ook bij de pad de distale tubulus 
terugkeert naar zijn eigen glomerulus. Het kontakt dat de distale tubulus 
maakt met de vaatpool van de glomerulus is echter anders gestruktureerd dan 
bij de zoogdieren. De distale tubulus ligt over een aanzienlijke afstand om de 
afferente arteriool heen geplooid. De epitheel-bekleding van de distale 
tubulus is in het betreffende gedeelte niet uniform over de gehele omtrek van 
de tubulus. Het gedeelte van het tubulus-epitheel dat gekeerd ligt naar het 
bloedvat, toont een zekere 'verdichting' van cellen; dit wordt wel als een 
keimerk van een macula densa-zône geïnterpreteerd. Gezien echter de lengte 
van de kontakt-zône tussen de distale tubulus en de afferente arteriool zou 
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hier - vergeleken met de situatie bij de zoogdieren - van een zeer uitgebreide 
macula densa moeten worden gesproken. 
In de nier van Bufo bufo worden ook gegranuleerde epitheliolde cellen 
aangetroffen, verspreid over de gehele lengte van de afferente arteriool (zie 
ook hoofdstuk VI). Extra-glomerulaire mesangiumcellen blijken niet aanwezig te 
zijn in de nier van de pad. 
Hoofdstuk III beschrijft de ultrastrukturele kenmerken van de verschillende 
komponenten van het juxtaglomerulaire komplex bij Bufo bufo. Het blijkt dat de 
gegranuleerde epitheliolde cellen nauvelijks kemerken vertonen op grond 
waarvan ze als sekretoir aktieve cellen moeten worden aangemerkt. Met name 
ontbreekt een uitgebreid ruw endoplasmatisch reticulum en ook het 
Golgi-komplex in deze cellen is gering ontwikkeld. De talrijke granula in de 
epitheliolde cellen tonen een sterk polymorf uiterlijk hoewel ze vaak een 
lamelvormig gestruktureerde inhoud bevatten. Op grond van hun strukturele 
kenmerken moeten deze organellen als lysosomale strukturen worden beschouwd. 
Ze hebben geen kenmerken die hen als sekretie granula kunnen bestempelen. Ook 
de beelden die als voorstadia van deze korrels kunnen worden geinterpreteerd, 
wijzen in deze richting. Opmerkelijk is voorts het grote aantal endocytotische 
vesikels aan de adventitia zijde van de epitheliolde cellen, gelegen tegenover 
de eveneens talrijke eindigingen van niet-gemyeliniseerde axonen. De epitheel 
cellen uit de op een macula densa-gelijkende zone van de distale tubulus 
vertonen kemerken die afwijken van typische macula densa cellen bij 
zoogdieren. Dit betreft onder andere de ligging van het Golgi-komplex en de 
wijze waarop de cellen onderling kontakt naken. 
Als een van de belangrijkste histochemische kenmerken van de macula densa bij 
zoogdieren wordt een verhoogde cytoplasmatische aktiviteit van het enzym 
glucose-6-fosfaat dehydrogenase beschreven. Om deze reden is eenzelfde 
onderzoek uitgevoerd bij Bufo bufo (hoofdstuk IV). Het blijkt dat de 
betreffende cellen van het epitheel van de distale tubulus een matig 
verhoogde glucose-6-fosfaat dehydrogenase aktiviteit vertonen. Deze bevinding 
wordt echter niet geinterpreteerd als een specifiek kemerk van de cellen van 
de macula densa, maar wordt in verband gebracht met het bezit van een 
organe llen-arm cytoplasma, respektievelijk een geringe 'volume-dichtheid' van 
de mitochondriën in het cytoplasma van deze cellen. 
Hoofdstuk V beschrijft de resultaten van een licht- en elektronen-
mikroskopisch-cytochemisch onderzoek naar de aktiviteit van het enzym zure 
fosfatase, dat als marker-enzym voor lysosomale organellen geldt. Het blijkt 
dat alle karakteristieke korrels in de epitheliolde cellen in de wand van de 
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afferente arteriolen een sterke zure fosfatase aktiviteit vertonen en 
derhalve als lysosomaal van aard nœten worden beschouwd. In de diskussie van 
dit hoofdstuk wordt dit resultaat besproken in relatie tot bevindingen uit 
biochemische studies van juxtaglomerulaire korrels bij zoogdieren. 
Ter beantwoording van de vraag of de specifieke juxtaglomerulaire korrels ook 
het enzym renine bevatten, wordt in hoofdstuk VI een onderzoek beschreven 
waarbij gebruik gemaakt wordt van een antiserum, gericht tegen gezuiverd 
renine A, geïsoleerd uit de gianduia subnandibularis van de muis. Zowel met 
immunofluorescentie als imnunoperoxidase technieken kon worden aangetoond dat 
de media cellen uit de afferente arteriool, evenals die uit grotere arterien 
in de nier van Bufo bufo, een stof bevatten welke kruis-reageert met het 
antilichaam tegen renine. Hieruit wordt de konklusie getrokken dat de 
epitheliolde cellen renine of een renine-achtige substantie stapelen. 
In hoofdstuk VII worden immunogoud kleuringstechnieken toegepast om ook op 
subcellulair niveau de lokalisatie van het renine vast te stellen. Het blijkt 
dat uitsluitend de 'gelamelleerde' korrels van de epitheliolde cellen 
reageren, waaruit volgt dat het enzym renine aanwezig is in die granula welke 
ock het enzym zure fosfatase bevatten. De konklusie wordt getrokken dat de 
renine-bevattende granula bij de pad Bufo bufo lysosomaal van oorsprong zijn. 
Uit de literatuur over de cellulaire mechanismen welke het proces van de 
renine afgifte tij zoogdieren beheersen, blijkt dat deze afwijken van die welke 
bekend zijn voor de typisch sekretoire-exocytotische cellen. Zo blijkt dat de 
sekretoire aktiviteit in alle exocriene en endocriene celtypen onder invloed 
van een influx van cal cium-ionen toeneemt; voor de renine bevattende 
juxtaglomerulaire cellen geldt evenwel het omgekeerde: een verhoging van het 
cytoplasmatische calcium-gehalte remt de renine afgifte. 
In het afsluitende hoofdstuk VIII worden deze verschillen besproken in het 
licht van de vastgestelde cytologische oorsprong van de renine-bevattende 
granula in de juxtaglomerulaire cellen van de pad. Op grond van hetgeen in 
dit hoofdstuk verder aan bod komt, wordt ter verklaring van de bevindingen 
een vooralsnog hypothetisch model geïntroduceerd, waarbij de vorming van 
juxtaglomerulaire granula én de sekretie van het enzym renine in verband 
gebracht worden met een proces van 'receptor-mediated' endocytose, gevolgd 
door een recycling van de betreffende receptoreni 
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CURRICULUM VITAE 
De schrijver van dit proefschrift werd geboren op 29 september 1941 te Huissen 
(Gld). De middelbare schoolopleiding werd gevolgd op het Thomas a Kempis 
Kollege te Arnhem, alwaar hij in 1961 het diploma HBS-B behaalde. De militaire 
dienstplicht vervulde hij van 1961 tot medio 1963. In 1963 ving hij aan met de 
studie Biologie aan de Katholieke Universiceit te Nijmegen. In maart 1967 werd 
het kandidaatsexamen afgelegd. In augustus 1968 werd hij part-time aangesteld 
aan de Medische Fakulteit als praktikum-leider voor de praktika Biologie en 
Embryologie ten behoeve van studenten Geneeskunde. Dit praktikum-onderwijs 
werd verzorgd door de afdeling Medische Biologie (Hoofd: Dr. W.J. van 
Dongen). In april 1971 werd het doktoraal examen gehaald met als hoofdvak 
Zoologie en de bijvakken Genetika en Chemische Cytologie. Vanaf 1971 was hij 
werkzaam als wetenschappelijk medewerker op de afdeling Medische Biologie. In 
1979 werd hij benoemd tot docent Biologie aan de Avondscholengemeenschap 
'Craneveldt'. Sedert de reorganisatie c.q. opheffing van de afdeling Medische 
Biologie is hij werkzaam op de afdeling Submikroskopische Morfologie van de 
Medische Fakulteit (Hoofd: Prof.dr. A.M. Stadhouders). 
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STELLINGEN 
De granula in de juxtaglomerulaire cellen bezitten lysosomale kenmerken. 
— Dit proefschrift 
II 
In de pad Bufo bufo produceren de epithelioïde cellen in de wand van de 
aanvoerende bloedvaten naar de nierlichaampjes het enzym renine. 
— Dit proefschrift 
III 
Voor het aantonen van juxtaglomerulaire granula in coupes van nierweefsel mist 
de kleuring volgens Bowie de vereiste specificiteit. 
— Bowie DJ (1935) Anat Ree 64· 357-368 
— HartroftPM (1968) In Bloodworth JMB (ed) Endocrine pathology WilliamsandWilkins. 
Baltimore, pp 641-677 
— Dit proefschrift 
IV 
Het mechanisme van de renine secretie door juxtaglomerulaire cellen dient 
bezien te worden in het kader van "receptor-mediated endocytose" en "receptor 
recycling". 
V 
De onlangs in de nierlichaampjes van een aantal diersoorten ontdekte zgn. 
peripolaire cellen bevatten geen renine. 
— Ryan GB. Coghlan JP, Scoggins BA (1979) Nature 277 655-656 
— Lamers АРМ. Stadhouders AM (1984) Electron Microscopy 1984, ProcBth Eur Congress 
Vol III, Budapest, pp 1607-1608 
VI 
In het in vitro fertilisatie onderzoek dient aandacht te worden besteed aan de 
invloed van experimentele omstandigheden op de oriëntatie van de zygote ten 
opzichte van het zwaartekrachtveld 
— GerhartJ Ubbels G Black S Нага К Kirschner M (1981) Nature 292 511-516 
VII 
BIJ de histochemische methoden voor het aantonen van a-glucan-fosforylase in 
weefselcoupes is de rol van het m het weefsel aanwezige glycogeen nog te weinig 
onderzocht 
VIII 
Uit de aanwezigheid van substanties als acetylcholine, noradrenaline en 
serotonine m het zich ontwikkelende zenuwstelsel, mag met als vanzelfsprekend 
worden aangenomen, dat deze stoffen reeds tijdens het betreffende ontwikke­
lingsstadium als neurotransmitter fungeren 
— Lauder JM Krebs H (1984) Adv Cell Neurobiol 5 3-51 
IX 
Het gelijktijdig gebruik van cafeïne en halothaan bij de m vitro contractie test ter 
opsporing van personen die het risico lopen om m aansluiting aan narcose 
maligne hyperthermie te ontwikkelen, is met juist 
X 
De resultaten van de studie van Monta et al (1984) laten eerder ruimte voor 
opmerkingen over de kwaliteit van de gehanteerde meetmethode dan voor 
onderschrijving van de door de auteurs gesuggereerde aanwezigheid van een 
ACTH-potentierende factor in humaan bloed 
— Monta Y Shimizu К ObataT(1984) Endocrinol Jpn 31 217-225 
XI 
Het is van belang na te gaan of enzym deficiënties met immuunelektronen 
mikroskopische methoden kunnen worden vastgesteld 
XII 
Uit de "drug-targeting" experimenten van Baldwin et al. (1983) mag niet 
geconcludeerd worden dat adriamycme gebonden aan het Sp4/A4 monoclonale 
antilichaam specifiek de groei van de tumor remt. 
— Baldwin RW, Embleton MJ, Flannery GR, Gunn B, Jones JA, Middle JG, Perkins AC, 
Pimm MV, Price MR, Robins RA (1983) In. Tom BH, Alhsson JP (eds) Hybridomas and 
cellular immortality. Plenum Press, New York London, pp 185-200 
XIII 
Het is om redenen van didactische aard gewenst de term chromodisoom te 
gebruiken voor een uit twee Chromatiden bestaand chromosoom. 
XIV 
Bij de beslissing over het al dan niet plaatsen van kruisraketten in Nederland op 
1 november 1985 zal met Nederland maar Amerika het laatste woord hebben. 
XV 
Aangezien de mens het enige schepsel is dat lachen kan, dient deze ervoor te 
waken dat de aardbol niet tot een tranendal verwordt. 
Nijmegen, 18juni 1985 Toine Lamers 



